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(54) PLANE POSITION SETTING DEVICE 

(57)Abstract: 

PURPOSE: To align an exposure face of a 
photosensitive board with an image face of a projection 
optical system with high precision in a projection aligner 
using a slit-scanning exposure system. 
CONSTITUTION: When a wafer is scanned being 
exposed in a Y-direction against a slitted exposing field 
24, the leveling and focusing for the wafer are controlled 
based on the information on the focus positions which 
are obtained from the sample points AF21 to AF29 of a 
second row 25B on this side against the scanning 
direction and from the sample points AF 32 to AF38 in 
the field 24. On the other hand, when the wafer is 
scanned being exposed in a -Y-direction, the leveling 
and focusing are controlled based on the information on 

the focus positions which are obtained from the sample points AF41 to AF49 of a fourth row 
25D on this side against the scanning direction and from the sample points AF32 to AF38 in 
the field 24. 



24 



AWWW 



A?tl 



http://wwl9.ipdl.inpit.gojp/PAl/result/detail/main/wAAADFaO4jDA406283403Pl.htm 4/30/2009 



JP,06-283403,A [CLAIMS] 



Page 1 of 2 



* NOTICES 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s) 

[Claim 1 An illumination-light study system which illuminates an illuminated field of specified 
shape by exposing light. 

The mask side stage which scans a mask in which a pattern for exposure was formed to said 
illuminated field, a projection optical system which projects a pattern of said mask in said 
illuminated field on a sensitized substrate, and the substrate side stage which scans said 
sensitized substrate synchronizing with said mask. 

A multipoint measurement means which is the surface position setting device provided with the 
above, and measures height of a direction parallel to an optic axis of said projection optical 
system of said sensitized substrate in two or more measure points including two or more points 
of a direction which crosses in the direction by which said sensitized substrate is scanned, 
respectively, A calculating means which asks for difference of an angle of inclination between 
an exposure surface of said sensitized substrate, and the image surface of said projection 
optical system from a measuring result of this multipoint measurement means, Based on 
difference of said angle of inclination which was provided in said substrate side stage and 
called for by said calculating means, Speed of response in case it has an inclination setting-out 
stage which sets up an angle of inclination of a direction which intersects perpendicularly in an 
angle of inclination of the direction of said scan of said sensitized substrate, and the direction 
of said scan and this inclination setting-out stage sets up an angle of inclination of the direction 
of said scan of said sensitized substrate, Speed of response when setting up an angle of 
inclination of a direction which intersects perpendicularly towards said scan was made to differ. 

[Claim 2 The surface position setting device according to claim 1 when said multipoint 
measurement means is scanned [ said sensitized substrate via said substrate side stage, 
wherein it samples height of said sensitized substrate in said two or more measure points by a 
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datum reference of said substrate side stage. 

[Claim 3 In two or more measure points when said multipoint measurement means becomes 
from two or more points in a field of this side at the time of said sensitized substrate being 
scanned to inside of two or more points in a conjugate exposure region, and said conjugate 
exposure region about an illuminated field and said projection optical system of said specified 
shape, The surface position setting device according to claim 1 or 2 measuring height of said 
sensitized substrate, respectively. 

[Claim 4 The surface position setting device according to claim 1, wherein said multipoint 
measurement means changes a position of two or more of said measure points to one shot 
region of said sensitized substrate one by one in a process in which a pattern of said mask is 
exposed one by one. 

[Claim 5 An illumination-light study system which illuminates an illuminated field of specified 
shape by exposing light, comprising, The mask side stage which scans a mask in which a 
pattern for exposure was formed to said illuminated field, A projection optical system which 
projects a pattern of said mask in said illuminated field on a sensitized substrate, It is provided 
in an exposure device which has the substrate side stage which scans said sensitized 
substrate synchronizing with said mask, A predetermined measure point in a measuring region 
which is a surface position setting device for doubling height of an exposure surface of said 
sensitized substrate with the image surface of said projection optical system, and consists of a 
field of this side at the time of said sensitized substrate being scanned to a conjugate exposure 
region and this exposure region about an illuminated field and said projection optical system of 
said specified shape. 

A height measurement means to measure height of a direction parallel to an optic axis of said 
projection optical system of said sensitized substrate. 

A calculating means which asks for difference of average height of an exposure surface of said 
sensitized substrate, and height of the image surface of said projection optical system based 
on the maximum and the minimum of two or more height measurement results obtained by 
said height measurement means when said sensitized substrate is scanned. 
A height setting-out stage which sets up height of said sensitized substrate based on 
difference of said height which was provided in said substrate side stage and found by said 
calculating means. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention 
[0001] 

[Industry-like field of the invention This invention is applied, for example to the autofocusing 
mechanism or auto leveling mechanism of a projection aligner of a slit scan exposure system, 
and relates to a suitable surface position setting device. 
[0002] 

[Description of the Prior Art When manufacturing a semiconductor device, a liquid crystal 
display element, or a thin film magnetic head by a photolithography process, the projection 
aligner which transfers a photo mask or the pattern of reticle (it is hereafter named reticle 
generically) on the substrates (a wafer, a glass plate, etc.) with which it was applied to 
sensitization material is used. As a conventional projection aligner, each shot region of the 
wafer was moved into the exposure field of a projection optical system one by one, and many 
reduction projection type exposure devices (stepper) of the step-and-repeat method of 
exposing the pattern image of reticle one by one to each shot region were used. 
[0003] Drawing 20 shows the conventional stepper's important section, in this drawing 20 , it is a 
basis of exposing light EL from the illumination-light study system by which the graphic display 
abbreviation was carried out, and projection exposure of the image of the pattern on the reticle 
51 is carried out to each shot region on the wafer 53 in which photoresist was applied via the 
projection optical system 52. The wafer 53 is held on Z leveling stage 54, and Z leveling stage 
54 is laid on wafer side XY stage 55. In a flat surface (XY plane) vertical to optic-axis AX1 of 
the projection optical system 52, wafer side XY stage 55 positions the wafer 53, and Z leveling 
stage 54, It is set as the state where the focusing position (position of a direction parallel to 
optic-axis AX1) of the exposure surface of the wafer 53 and the angle of inclination of the 
exposure surface were specified. 

[0004]The moving mirror 56 is being fixed on Z leveling stage 54. The laser beam from the 
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external laser interferometer 57 is reflected with the moving mirror 56, the X coordinate and Y 
coordinate of wafer side XY stage 55 are always detected by the laser interferometer 57, and 
these X coordinates and a Y coordinate are supplied to the main control system 58. The main 
control system 58 exposes the pattern image of the reticle 51 one by one to each shot region 
on the wafer 53 by a step-and-repeat method by controlling operation of wafer side XY stage 
55 and Z leveling stage 54 via the drive 59. 

[0005]Under the present circumstances, although the pattern formation face (reticle side) on 
the reticle 51 and the exposure surface of the wafer 53 need to have conjugate about the 
projection optical system 52, since their projecting magnification is high and they are large, a 
reticle side is seldom changed. [ of the depth of focus ] Then, generally it is detected 
conventionally whether the exposure surface of the wafer 53 has agreed within the limits of the 
depth of focus in the image surface of the projection optical system 52 according to the focal 
position detection system of an oblique-incidence type multipoint (is it focusing or not?), 
Control of the focusing position of the exposure surface of the wafer 53 and the angle of 
inclination was performed. 

[0006]ln the focal position detection system of the conventional multipoint, the illumination light 
which does not expose the photoresist on the wafer 53 unlike exposing light EL is drawn via 
the optical fiber bundle 60 from the illumination light source by which the graphic display 
abbreviation was carried out. The illumination light ejected from the optical fiber bundle 60 
illuminates the pattern formation board 62 through the condenser 61 . The illumination light 
which penetrated the pattern formation board 62 is projected on the exposure surface of the 
wafer 53 through the lens 63, the mirror 64, and the exposure object lens 65, and projection 
imaging of the image of the pattern on the pattern formation board 62 is aslant carried out to 
optic-axis AX1 in the exposure surface of the wafer 53. The illumination light reflected with the 
wafer 53 is re-projected on the electric eye 69 in an acceptance surface through the 
condensing object lens 66, the hand-of-cut diaphragm 67, and the image formation lens 68, 
and re-image formation of the image of the pattern on the pattern formation board 62 is carried 
out to the acceptance surface of the electric eye 69. In this case, the main control system 58 
gives vibration like the after-mentioned to the hand-of-cut diaphragm 67 via the excitation 
apparatus 70, The detecting signal from many photo detectors of the electric eye 69 is 
supplied to the signal processor 71, and the signal processor 71 supplies the focusing signal of 
a large number which acquired it by carrying out synchronous detection of each detecting 
signal with the driving signal of the excitation apparatus 70 to the main control system 58. 
[0007]As drawing 21 (b) shows the opening pattern formed on the pattern formation board 62 
and shows it to this drawing 21 (b), on the pattern formation board 62, the nine slit shape 
opening patterns 72-1 to 72-9 are formed at cross shape. Since it is irradiated with those 
opening patterns 72-1 to 72-9 from the direction which crosses at 45 degrees to the X-axis and 
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a Y-axis to the exposure surface of the wafer 53, Each projection images AF1-AF9 of these 
opening patterns 72-1 to 72-9 in the exposure field of the projection optical system 52 on the 
exposure surface of the wafer 53 become arrangement as shown in drawing 21 (a). In drawing 
21 (a), it is inscribed in the circular lighting field of the projection optical system 52, the 
maximum exposure field 74 is formed, and the projection image of the slit shape opening 
pattern is projected on the center section in the maximum exposure field 74, and the measure 
points AF1-AF9 on two diagonal lines, respectively. 

[0008]As drawing 21 (c) shows the situation of the acceptance surface of the electric eye 69 
and shows it to this drawing 21 (c), the nine photo detectors 75-1 to 75-9 are arranged in the 
acceptance surface of the electric eye 69 at a cross-joint type, and the gobo (graphic display 
abbreviation) which has a slit shape opening is arranged on each photo detector 75-1 to 75-9. 
And re-image formation of the image on each measure point AF1 of drawing 21 (a) - AF9 is 
carried out on each photo detector 75-1 to 75-9 of the electric eye 69, respectively. In this 
case, the illumination light reflected in the exposure surface (wafer surface) of the wafer 53 of 
drawing 20, Since it exists in the pupil posion of the condensing object lens 66 and is reflected 
by the hand-of-cut diaphragm 67 which vibrates around an axis almost vertical to the space of 
drawing 20 (rotational vibration), As shown in drawing 21 (c), on the electric eye 69, the 
position of the projection image by which re-image formation is carried out on each photo 
detector 75-1 to 75-9 vibrates in the direction of RD which is the cross direction of a slit shape 
opening. 

[0009]Since the image of the slit shape opening on each measure point AF1 of drawing 21 (a) 
- AF9 is aslant projected to the optic axis of the projection optical system 52, if the focusing 
position of the exposure surface of the wafer 53 changes, the re-image formation position on 
the electric eye 69 of these projection images will change in the direction of RD. Therefore, 
nine focusing signals respectively corresponding to the focusing position of the measure points 
AF1-AF9 are acquired within the signal processor 71 by carrying out synchronous detection of 
the detecting signal of each photo detector 75-1 to 75-9 by the vibration applying signal of the 
hand-of-cut diaphragm 67, respectively. And from the focusing position of nine pieces, the 
angle of inclination of the average field of the exposure field 74 and the focusing position of the 
average field are called for, and the main control system 58 is supplied and the main control 
system 58, The focusing position and angle of inclination (leveling angle) of the shot region 
concerned of the wafer 53 are set as a predetermined value via the drive 59 and Z leveling 
stage 54. Thus, in the stepper, in each shot region of the wafer 53, a focusing position and an 
angle of inclination are in the state where it doubled with the image surface of the projection 
optical system 52, and the pattern image of the reticle 51 was exposed, respectively. 
[0010] 

[Problem(s) to be Solved by the Invention In recent years, since the pattern is carrying out 
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minuteness making in the semiconductor device etc., heightening the resolution of a projection 
optical system is called for. Although techniques, such as increase of the short wavelength 
formation of the wavelength of exposing light or the numerical aperture of a projection optical 
system, are one of the techniques for heightening resolution, If it is going to secure the 
exposure field of the same grade as a conventional example even when using which 
technique, it will become difficult to maintain image formation performances (distortion, a 
curvature of field, etc.) for predetermined accuracy all over an exposure field. Then, the so- 
called projection aligner of a slit scan exposure system is improved now. 
[001 1]ln the projection aligner of this slit scan exposure system, the pattern of that reticle is 
exposed on a wafer, synchronizing relatively and scanning reticle and a wafer to rectangular 
shape or the illuminated field (henceforth "a slit shape illuminated field") of circular **. 
Therefore, the image was equalized in said slit shape illuminated field and the conjugate field, 
and there was an advantage that distortion accuracy improved. 

[0012]Although the mainstream of the size of the conventional reticle was 6 inch sizes and the 
mainstream of the projecting magnification of a projection optical system was 1 5 time, the size 
of the reticle in a basis 1/5 time the magnification of this has stopped 6 inch sizes being of use 
by large area-ization of circuit patterns, such as a semiconductor device. Therefore, it is 
necessary to design the projection aligner which changed the projecting magnification of the 
projection optical system 1 4 time. And the slit scan exposure system which can make small 
the diameter of an exposure field of a projection optical system to large-area-izing of such a 
transferred pattern is advantageous also in a cost aspect. 

[0013]Even if the focal multipoint type position detection system used by the conventional 
stepper is applied as it is in the projection aligner of this slit scan exposure system and it 
measures the focusing position and angle of inclination of an exposure surface on a wafer, 
Since the wafer was scanned in the predetermined direction, there was inconvenience that it 
was difficult to double a actual exposure surface with the image surface of a projection optical 
system. That is, probability of the technique for doubling the focusing position and angle of 
inclination of a wafer with the image surface of a projection optical system in the projection 
aligner of a slit scan exposure system conventionally was not carried out. 
[0014]ln view of this point, an object of this invention is to provide the surface position setting 
device which can be used in order to double the exposure surface of a sensitized substrate 
with high precision to the image surface of a projection optical system in the projection aligner 
of a slit scan exposure system. 
[0015] 

[Means for Solving the Problem An illumination-light study system in which the 1st surface 
position setting device of this invention illuminates an illuminated field of specified shape by 
exposing light, The mask side stage (10) which scans a mask (12) in which a pattern for 
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exposure was formed to the illuminated field, A projection optical system (8) which projects a 
pattern of a mask (12) in the illuminated field on a sensitized substrate (5), It is provided in an 
exposure device which has the substrate side stage (2) which scans a sensitized substrate (5) 
synchronizing with a mask (12), It is a surface position setting device for doubling an exposure 
surface of a sensitized substrate (5) in parallel with the image surface of a projection optical 
system (8), A multipoint measurement means (62A, 69A) which measures height of a direction 
parallel to an optic axis of a projection optical system (8) of a sensitized substrate (5) in two or 
more measure points (AF1 1-AF59) including two or more points of a direction which crosses in 
the direction by which a sensitized substrate (5) is scanned, respectively, It has a calculating 
means (71 A) which asks for difference of an angle of inclination between an exposure surface 
of a sensitized substrate (5), and the image surface of a projection optical system (8) from a 
measuring result of this multipoint measurement means. 

[0016]Based on difference of the angle of inclination which this invention was provided in the 
substrate side stage (2), and was called for by a calculating means (71 A), As it has an 
inclination setting-out stage (4) which sets up an angle of inclination of a direction (the direction 
of X) which intersects perpendicularly in an angle of inclination of the direction (the direction of 
Y) of the scan of a sensitized substrate (5), and the direction of the scan, for example, is 
shown in drawing 5 , Speed of response in case an inclination setting-out stage (4) sets up 
angle-of-inclination theta y of the direction (the direction of Y) of the scan of a sensitized 

substrate (5) is made to differ from speed of response when setting up angle-of-inclination 
theta x of a direction (the direction of X) which intersects perpendicularly towards the scan. 

[0017]ln this case, that multipoint measurement means may sample height of a sensitized 
substrate (5) in a measure point of these plurality by a datum reference of the substrate side 
stage (2), when a sensitized substrate (5) is scanned via the substrate side stage (2). In two or 
more measure points when the multipoint measurement means becomes from two or more 
points in a field of this side at the time of a sensitized substrate (5) being scanned to inside of 
two or more points in a conjugate exposure region (24), and a conjugate exposure region of 
those about an illuminated field and a projection optical system (8) of the specified shape, 
Height of a sensitized substrate (5) may be measured, respectively. 
[0018]As for the multipoint measurement means, it is desirable to change a position of a 
measure point of these plurality to one shot region of a sensitized substrate (5) one by one in a 
process in which a pattern of a mask (12) is exposed one by one. The 2nd surface position 
setting device by this invention, The mask side stage (10) which scans a mask (12) in which a 
pattern for exposure was formed to an illumination-light study system which illuminates an 
illuminated field of specified shape, and its illuminated field by exposing light, A projection 
optical system (8) which projects a pattern of a mask (12) in the illuminated field on a 
sensitized substrate (5), It is provided in an exposure device which has the substrate side 
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stage (2) which scans a sensitized substrate (5) synchronizing with a mask (12), It is a surface 
position setting device for doubling height of an exposure surface of a sensitized substrate (5) 
with the image surface of a projection optical system (8), In a predetermined measure point in 
a measuring region which consists of a field of this side at the time of a sensitized substrate (5) 
being scanned to a conjugate exposure region (24) and this exposure region about an 
illuminated field and a projection optical system (8) of that specified shape, A height 
measurement means (62A, 69A) to measure height of a direction parallel to an optic axis of a 
projection optical system (8) of a sensitized substrate (5), It is provided in a calculating means 
(71 A) which asks for difference of average height of an exposure surface of a sensitized 
substrate (5), and height of the image surface of a projection optical system (8) based on the 
maximum and the minimum of two or more height measurement results obtained by the height 
measurement means when a sensitized substrate (5) is scanned, and the substrate side stage 
(2), Based on difference of the height found by a calculating means (71 A), it has a height 
setting-out stage (4) which sets up height of a sensitized substrate (5). 
[0019] 

[Function]ln the 1st surface position setting device of this this invention, When scanning a 
mask (12) and a sensitized substrate (5) synchronously and exposing the pattern image of a 
mask (12) on a sensitized substrate (5), the height of a sensitized substrate (5) is measured 
using the multipoint measurement means in two or more measure points which contain the 
measure point before the direction of the scan, for example. And it asks for the angle of 
inclination of a sensitized substrate (5) by acquiring multiple-times height information in 
accordance with the direction of a scan, respectively in the measure point of these plurality. 
Then, when exposing the pattern image of a mask (12) to the field to which the angle of 
inclination was called for such, the angle of inclination of the field is set up based on the angle 
of inclination for which it asked beforehand. Thereby, the exposure surface of a sensitized 
substrate (5) is set up in parallel with the image surface of a projection optical system (8) also 
with a slit scan exposure system. 

[0020]ln this invention, when performing such leveling, the speed of response of leveling of a 
scanning direction differs from the speed of response of non-scanning direction leveling. In 
order to explain per by this operation effect, focusing at the time of slit scan exposure and 
the error factor of leveling are explained. The following errors can be considered with the 
exposure device of a slit scan exposure system. 

** A focal offset error and a vibration error focus offset error are differences of the focusing 
position of the average field of an exposure surface, and the image surface of a projection 
optical system, and a vibration error is an error resulting from vibration of the focusing direction 
of the substrate side stage at the time of carrying out scanning exposure, etc. It divides, when 
carrying out one-shot exposure like a stepper as what performs only autofocus control, and 
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when exposing with a slit scan exposure system, and this is explained more to details. 
[0021]When carrying out one-shot exposure of drawing 14 (a), it shows the case where 
drawing 14 (b) is exposed with a slit scan exposure system. In drawing 14 (a), although the 
average field 34 of the exposure surface 5a of a sensitized substrate has agreed in the image 
surface of a projection optical system, -deltaZI and 0 differ only from deltaZ2 to the average 
field 34 where the focusing position of the positions Ya, Yb, and Yc is constant respectively. 
Therefore, the focal offset errors in the positions Ya and Yb are -deltaZI and deltaZ2, 
respectively. 

[0022]On the other hand, in the case of drawing 14 (b), a series of partial average sides 35A, 
35B, and 35C on the exposure surface 5a and .... double one by one to a scanning direction in 
the image surface of a projection optical system. Therefore, the focal offset error in each 
positions Ya, Yb, and Yc is set to 0 by the equalization effect, respectively. However, although 
the image on position Yb is formed, since a focusing position moves between height deltaZB 
(s) from the average side 35B to the average side 35D, the image on position Yb will turn into 
an image to which only delta ZB had dispersion in the focusing direction. Similarly, the image 
on the position Ya and Yc turns into an image to which only delta ZA and delta ZB had 
dispersion in the focusing direction, respectively. 

[0023]Namely, in a slit scan exposure system, although a focal offset error is set to about 0 to 
unevenness of the sensitized substrate side below a certain constant frequency, Rolling of the 
substrate side stage, pitching, vibration of a focusing direction (Z shaft orientations), The 
wavelength variation of the short period of the error component by an autofocusing mechanism 
and an auto leveling mechanism following a low frequency wave air fluctuation error and 
exposing light (KrF excimer laser light etc.), etc. produce a new error (vibration error). 
[0024]** Although it is a typical example of the vibration errors which made reference by focal 
following error, air fluctuation error, and stage vibration error and these are dependent on 
the response frequency of an autofocusing mechanism and an auto leveling mechanism, it can 
classify into the following errors. 

(1) (2), such as a high frequency stage vibration error, a wavelength variation error of the short 

period of exposing light (KrF excimer laser light etc.), etc. uncontrollable by a control system In 

an air fluctuation error, (3), such as a low frequency wave air fluctuation error which the 

substrate side stage follows Error of measurement etc. which do not turn into a focus error 

since the substrate side stage does not follow, although contained in the measurement result 

of a focal position detection system or an angle-of-inclination detection system. 

[0025]** The error of ****** by unevenness of the exposure surface of a sensitized substrate is 

a field unit two-dimensional in the exposure field by a projection optical system. 

It is an error resulting from being a measure point of a limited individual and performing 

measurement of the focusing position in the exposure surface of a sensitized substrate at the 
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time of slit scan exposure, and can classify into the following two errors. 

(1) . For example, originate in the arithmetic method for the position of the measure point in the 
case of measuring a focusing position by the multipoint on the exposure surface 5a of a 
sensitized substrate, and searching for the alignment object faces (focal field) 36A and 36B, as 
shown in drawing 15 (a) and (b). The error of the gap with the focal side 36A and an ideal 
focus side, and (2) Error by the speed of response of a difference with the slew rate of 
scanning speed, an autofocusing mechanism, and an auto leveling mechanism, and a focal 
position detection system, etc. 

[0026]ln this case, the speed of response in the case of doubling a focusing position with the 
image surface of a projection optical system (focal response) is determined by a time lag error 
as shown in drawing 15 (c), and the servo gain as shown in drawing 15 (d). Namely, in drawing 
15 (c) the curve 37A, The driving signal for the focusing directions for doubling a series of 
subregions of the exposure surface 5a of a sensitized substrate with the image surface of a 
projection optical system one by one (target focus position signal) is shown, and the curve 
38A, The signal (flattery focus position signal) acquired by converting the movement 
magnitude to the focusing direction of a series of subregions of the exposure surface 5a into a 
driving signal is shown. Only fixed time is behind in the curve 38A to the curve 37A. Similarly, 
in drawing 15 (d), the curve 37B is a target focus position signal of a series of subregions of 
the exposure surface 5a of a sensitized substrate, and the curve 38B is a flattery focus position 
signal of a series of subregions of the exposure surface 5a. 

The amplitude (servo gain) of the curve 38B is small only the constant rate to the curve 37B. 

[0027]ln the 1st surface position setting device of this invention, in order to remove these 
errors, the response of the scanning direction of a leveling mechanism and the response of the 
non-scanning direction are changed. It is premised on the focal position detection system of an 
oblique incidence type multipoint as a multipoint measurement means for auto leveling 
mechanisms in this invention. It aims at making the maximum of the gap with each point of the 
exposure surface in the predetermined field, and the image surface of a projection optical 
system into the minimum regardless of the average field of the exposure surface of the 
sensitized substrate in the predetermined field in the exposure field of a projection optical 
system. Thus, in the predetermined field in the exposure field of a projection optical system, an 
exposure field in case the maximum of the gap with almost all the points of the exposure 
surface of a sensitized substrate and the image surface of a projection optical system is the 
minimum is called "the good field (Good Field)." 

[0028]First, as shown in drawing 16 , it is assumed that many measure points (un-illustrating) of 
a focusing position are in the slit shape conjugate exposure field 24 about slit shape 
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illuminated field and projection optical system. In drawing 16 , as what scans one shot region 
SA.. on a sensitized substrate by speed V beta in the direction of Y to the slit shape exposure 

field 24, Width of the scanning direction of WX and the exposure field 24 is set the width of 
the scanning direction of shot region SA.. ] to D for the width of WY and a non-scanning 

direction. By equalizing the focusing position in many measure points in the central region 24a 
in the exposure field 24, It asks for the focusing position of the average field in the central point 
of the exposure field 24, Based on the least squares approximation, angle-of-inclination theta y 

of the scanning direction of an average field is calculated from the measuring region 24b of the 
both ends of the scanning direction of the exposure field 24, and the focusing position in the 
measure point in 24c, Based on the least squares approximation, angle-of-inclination theta x of 

the non-scanning direction of an average field shall be calculated from the measuring region 
24b of the both ends of the non-scanning direction of the exposure field 24, and the focusing 
position in the measure point in 24c. Response frequency of leveling of fm Hz and a non- 
scanning direction is set to fn [Hz for the response frequency of leveling of a scanning 
direction, and the value of fm and fn is set up independently. 

[0029]And the cycle of a periodic bend of the scanning direction of shot region SA.. on a 

sensitized substrate, Bend as a value of a ratio with the width WY (a non-scanning direction is 
also set as the same bend cycle) of a scanning direction, and it expresses with the parameter 
F, The focus error in each measure point in the exposure field 24 in case there is the periodic 
bend is expressed with the absolute value of the average value of the focus error at the time of 
scanning, and one third of the sums of the amplitude of the focus error at the time of scanning. 
The amplitude of a periodic bend of the bend parameter F is standardized to 1, and error 
parameter S which shows the maximum of the focus errors in these each measure point in 
case a bend parameter is F is expressed as a ratio to the bend parameter F. That is, the 
following formula is materialized. 
The cycle/WY of F bend(1) 
The maximum F of S focus error (2) 

[0030] Drawing 17 (a) expresses error parameter S to the bend parameter F when the 
response frequency fm of leveling of a scanning direction and the response frequency fn of 
leveling of a non-scanning direction are equal and large, The curve A1 Error parameter in a 
non-scanning direction ] S, the absolute value of the average value of a focus error usual in 
error parameter S of a non-scanning direction ] in the curve B1, The curve A2 shows the 
average value of error parameter in a scanning direction S, and a focus error usual in error 
parameter S of a scanning direction ] in curvilinear B-2. The curve A1 and the curve A2 
express the respectively more realistic focus error. When when the value of the meter F is 
small ] the cycle of unevenness of an exposure surface is small, the flattery nature of leveling 
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control of a scanning direction understands that leveling control of a scanning direction comes 
to follow a bend bad (curve A2) as a concavo-convex cycle becomes large. Since a focusing 
position does not change one by one like a scanning direction to a non-scanning direction, 
even if the cycle of a bend becomes large, it is worse than the flattery nature of a scanning 
direction (curve A1). As mentioned above, it is desirable for a focus error to become so that the 
parameter S may become 0.5 or less, but a scanning direction and the non-scanning direction 
of a focus error are large as a whole. 

[0031]On the other hand, the response frequency fm of drawing 17 (b) of leveling of a 
scanning direction is larger than the response frequency fn of leveling of a non-scanning 
direction, And error parameter S to the bend parameter F when both the response frequency 
fm and fn is small is expressed, As for curvilinear A3, error parameter in a non-scanning 
direction ] S, the absolute value of the average value of the focus error of a non-scanning 
direction usual in the curve B3, and curvilinear A4 show error parameter in a scanning 
direction ] S, and curvilinear B4 shows the absolute value of the average value of the usual 
focus error in a scanning direction. Comparison with drawing 17 (a) and drawing 17 (b) shows 
that the direction of a focus error when response frequency is almost smaller than the case of 
a full response ( drawing 17 (a)) ( drawing 17 (b)) is [ in which error parameter S is close to 0.5 ] 
small. This is for the fine point on a sensitized substrate that accuracy will get worse in the slit 
shape exposure field 24 if an auto leveling mechanism follows unevenly to occur. However, 
since it becomes impossible to follow to the uneven part of a low frequency wave when 
response frequency is made small too much, it is necessary to set response frequency as a 
suitable value. 

[0032]ln the example of drawing 17 (b), the response frequency fm of leveling of a scanning 
direction is set up more highly than the response frequency fn of leveling of a non-scanning 
direction. The response frequency for following unevenness of an exposure surface good, 
since a cycle becomes short substantially according to slit width in a scanning direction even if 
this is unevenness of the same bend parameter F is because it is necessary to make it higher 
than a non-scanning direction in a scanning direction. 

[0033]ln two or more measure points when the multipoint measurement means for auto 
leveling mechanisms becomes from two or more points in the field of this side at the time of a 
sensitized substrate (5) being scanned to the inside of two or more points in a conjugate 
exposure region (24), and the conjugate exposure region of those about the illuminated field 
and projection optical system (8) of the specified shape, When measuring the height of a 
sensitized substrate (5), respectively, in a front measure point, prediction of a focusing position 
is performed selectively. This is called division destination reading. Therefore, compared with 
the technique (full prediction) of predicting in all measure points, the length at the time of 
reading a focusing position by a multipoint measurement means by exposure (entrance length) 
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is shortened. 

[0034]ln the process in which the multipoint measurement means exposes the pattern of a 
mask (12) one by one to one shot region of a sensitized substrate (5), In changing the position 
of the measure point of these plurality one by one, for example at the end of the shot region, 
division destination reading is performed, and henceforth the center section of the shot 
region ], full prediction is performed and it checks open control in an exposure position primary 
detecting element. Thereby, where leveling accuracy is maintained with high precision, the 
entrance length in the end of a shot region can be shortened, and the throughput of exposure 
can be raised. 

[0035]Next, the autofocus control in the 2nd surface position setting device of this invention is 
considered. If the concept of the above-mentioned good field (Good Field) is taken in, as 
shown in drawing 16 , Equalizing processing of the focusing position of each measure point in 
the center section 24a of the exposure field 24 is performed, and if the field shown by the 
average value of the focusing position is doubled with the image surface of a projection optical 
system, accuracy may get worse. That is, drawing 18 (a) shows the field 34A corresponding to 
the average value of the focusing position of each measure point of the exposure surface 5a 
with the crevice of depth H of a sensitized substrate, and the difference deltaZ3 of the focusing 
direction of the field 34A and crevice is larger than H 2. 

[0036]On the other hand, in this invention, the maximum and the minimum of a focusing 

position of each measure point in a measuring region predetermined [ on the exposure surface 

5a ] are calculated, and the field corresponding to the middle focusing position of these 

maximums and the minimum is doubled with the image surface of a projection optical system. . 

Drawing 18 (b) can be set to the exposure surface 5a with the crevice of depth H of a 

sensitized substrate. The field 34B corresponding to the middle focusing position of maximum 

Z of the focusing positions of each measure point and minimum Z . can be shown, and 
max 57 r r mm 

focusing position Z 34B of the field 34B can be expressed as follows. 

Z =(Z +Z . )/2(3) 
34B x max mm 7 x ' 

[0037]Then, the field 34B doubles with the image surface of a projection optical system. The 
difference deltaZ4 of the focusing direction of the field 34B and the surface of the exposure 
surface 5a and the difference deltaZ5 of the focusing direction of the field 34B and its crevice 
have become two in about H , respectively. Namely, since the maximum of the error of a 
focusing position [ in / in the direction of the field 34B of drawing 18 (b) / each point on the 
exposure surface 5a becomes small compared with the field 34A of drawing 18 (a), On the 
concept of the good field (Good Field), the exposure surface of a sensitized substrate can be 
doubled more with the image surface of a projection optical system by this invention at high 
degree of accuracy. 
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[0038]At the same time it makes the response frequency fm of leveling of a scanning direction, 
and response frequency fn of leveling of a non-scanning direction equally and large and 
performs auto leveling control like drawing 17 (a), The characteristic of error parameter S to 
the bend parameter F at the time of performing autofocus control based on the equalizing 
processing of drawing 18 (a) or autofocus control based on the average value of the maximum 
of drawing 18 (b) and the minimum is shown in drawing 19 (a) and (b), respectively. That is, in 
drawing 19 (a) based on equalizing processing, as for curvilinear A5 and B5, error parameter 
S, the curve A6, and B6 of a non-scanning direction express error parameter S of a scanning 
direction, respectively. In drawing 19 (b) based on the average value of the maximum and the 
minimum, the curves A7 and B7 express error parameter of a non-scanning direction ] S, and 
the curves A8 and B8 express error parameter S of a scanning direction, respectively. 
[0039]When autofocus control is performed like it is and based on the average value 
of the maximum and the minimum from drawing 19 (b), In all the bend parameters F, i.e., all 
frequency bands, the value of error parameter S is close to 0.5, and the maximum of the focus 
error is small compared with the case where autofocus control is performed based on 
equalizing processing. 

[0040]When only autofocus control is performed based on the average value of the maximum 
of a focusing position and the minimum which returned to drawing 15 (a) and (b), and were 
obtained in the measure point in a predetermined measuring region, As shown in drawing 15 
(a), the field 36A of deltaZa doubles with the image surface of a projection optical system in 
the difference of a focusing position with the maximum to the exposure surface 5a which has a 
bend of amplitude 2 and deltaZa. Based on the average value of the focusing position only 
obtained in these measure points on the other hand to the exposure surface 5a which has a 
bend of amplitude 2 and deltaZa, perform autofocus control, and. When auto leveling control is 
performed based on the least squares approximation of the obtained focusing position, as 
shown in drawing 15 (b), the field 36B of deltaZb (>deltaZa) may double with the image 
surface of a projection optical system in the difference of the focusing position from the 
maximum within the limits of amplitude deltaZc (>2 and deltaZa). Therefore, in the direction 
which performs autofocus control based on the average value of the maximum of a focusing 
position and the minimum which were obtained, a focus error becomes small, when using an 
auto leveling mechanism, or even when not using it. 

[0041]Although controlled by this invention to double with the image surface the field which 
becomes settled in (minimum [ of the maximum Z max + focusing position of a focusing position ] 

Z mjn ) / 2, Depending on a device process, which depth of focus of the heights of the exposure 

surface 5a of a sensitized substrate or a crevice may be required. Therefore, it is desirable to 
perform control which doubles with the image surface the field of focusing position Z MN which 
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becomes settled in proportional distribution like a following formula using the predetermined 

coefficients M and N. 

Zn,u = (M-Z +N-Z . )/(M+N) (4) 
MN v max mm 7 v 7 x 7 

[0042] 

[Example Hereafter, with reference to drawings, it explains per example of this invention. This 
example applies this invention to the autofocusing mechanism and auto leveling mechanism of 
a projection aligner of a slit scan exposure system. The illuminated field of the rectangle by 
exposing light EL from the illumination-light study system by which drawing 1 showed the 
projection aligner of this example, and the graphic display abbreviation was carried out in this 
drawing 1 . The pattern on the reticle 12 is illuminated by (it is hereafter called "a slit shape 
illuminated field"), and projection exposure of the image of the pattern is carried out on the 
wafer 5 via the projection optical system 8. Under the present circumstances, it synchronizes 
with the reticle 12 being scanned with the constant speed V in the direction of this side (or 
other side) to the space of drawing 1 to the slit shape illuminated field of exposing light EL, The 
wafer 5 is scanned by the other side (or the direction of this side) to the space of drawing 1 by 
constant speed V beta (1 beta is the reducing magnification of the projection optical system 8). 

[0043]The reticle Y drive stage 10 which can be freely driven on the reticle buck 9 in Y shaft 
orientations (direction vertical to the space of drawing 1) is laid for explaining the drive system 
of the reticle 12 and the wafer 5, The reticle minute drive stage 1 1 is laid on this reticle Y drive 
stage 10, and the reticle 12 is held by the vacuum chuck etc. on the reticle minute drive stage 
1 1 . As for the reticle minute drive stage 1 1 , only a fine amount performs position control of the 
reticle 12 to the direction parallel to space of X, the direction of Y, and hand of cut (the 
direction of theta) of drawing 1 with high precision in a field vertical to the optic axis of the 
projection optical system 8, respectively. The position of the direction of X of the reticle minute 
drive stage 1 1 , the direction of Y, and the direction of theta is always monitored by the 
interferometer 14 which the moving mirror 21 has been arranged on the reticle minute drive 
stage 11, and has been arranged on the reticle buck 9. The position information S1 acquired 
by the interferometer 14 is supplied to the main control system 22A. 
[0044]On the other hand on the wafer buck 1, the wafer Y-axis drive stage 2 which can be 
freely driven to Y shaft orientations is laid, The wafer X-axis drive stage 3 which can be freely 
driven to an X axial direction on it is laid, Z leveling stage 4 is formed on it, and the wafer 5 is 
held by vacuum absorption on this Z leveling stage 4. The moving mirror 7 is fixed also on Z 
leveling stage 4, the position of the direction of X of Z leveling stage 4, the direction of Y, and 
the direction of theta is monitored by the interferometer 13 arranged outside, and the position 
information acquired by the interferometer 13 is also supplied to the main control system 22A. 
The main control system 22A controls the positioning operation of the wafer Y-axis drive stage 
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2, the wafer X-axis drive stage 3, and Z leveling stage 4 via the wafer drive 22B etc., and it 
controls operation of the whole device. 

[0045]ln order to take correspondence of the wafer-coordinates system specified by the 
coordinates measured by the interferometer 13 by the side of a wafer, and a Reticulum mark 
system specified by the coordinates measured by the interferometer 14 by the side of reticle, 
the reference mark board 6 is being fixed near the wafer 5 on Z leveling stage 4. Various 
reference marks are formed on this reference mark board 6. In these reference marks, the 
reference mark currently illuminated from the back side by the illumination light led to the Z 
leveling stage 4 side, i.e., a luminescent reference mark, is provided. 

[0046]The reticle alignment microscopes 19 and 20 for observing simultaneously the reference 
mark on the reference mark board 6 and the mark on the reticle 12 are equipped above the 
reticle 12 of this example. In this case, when the deflection mirrors 15 and 16 for leading the 
detection light from the reticle 12 to the reticle alignment microscopes 19 and 20, respectively 
are arranged enabling free movement and an exposure sequence is started, under the 
instructions from the main control system 22A, The deflection mirrors 15 and 16 shunt with the 
mirror driving devices 17 and 18, respectively. 

[0047]lt equips with the oblique-incidence type multipoint focus position detection system of 
the conventional system explained to the projection aligner of the slit scan method of drawing 1 
with reference to drawing 20 and drawing 21 . However, the multipoint focus position detection 
system of this example has more number of a measure point than a conventional example, 
and arrangement of the measure point is devised. As drawing 2 (b) shows the pattern 
formation board 62A of this example corresponding to the conventional pattern formation 
board 62 of drawing 21 (b) and shows it to drawing 2 (b), The nine slit shape opening patterns 
72-1 1 to 72-19 are formed in the 1st row of the pattern formation board 62A, and the nine 
opening patterns 72-12 to 72-59 are formed in the 2nd row - the 5th row, respectively. That is, 
45 slit shape opening patterns are formed in the pattern formation board 62A in total. 
The image of these slit shape opening patterns is aslant projected to the X-axis and a Y-axis 
on the exposure surface of the wafer 5 of drawing 1 . 

[0048]ln drawing 2 (a) shows the exposure surface of the wafer 5 of the lower part of the 
projection optical system 8 of this example, and this drawing 2 (a), The pattern of the reticle 
12 of drawing 1 is exposed in the exposure field 24 of a rectangle long in the direction of X 
inscribed in the circular lighting field 23 of the projection optical system 8, and the wafer 5 is 
scanned in the direction of Y to this exposure field 24 (scan). According to the multipoint focus 
position detection system of this example. The nine measure points AF1 1-AF19 of the 1st row 
extended in the direction of X of the direction upper part of Y of the exposure field 24, The 
image of a slit shape opening pattern is projected on the measure points AF21-AF29 of the 
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2nd row, the measure points AF31-AF39 of the 3rd row in the exposure field 24, the measure 
points AF41-AF49 of the 4th row of the direction bottom of Y of the exposure field 24, and the 
measure points AF51-AF59 of the 5th row, respectively. 

[0049]Drawing_2_(c) shows the electric eye 69A of the multipoint focus position detection 
system of this example, the nine photo detectors 75-1 1 to 75-19 are arranged on this electric 
eye 69A at the 1st row, and the nine photo detectors 75-12 to 75-59 are arranged at the 2nd 
row - the 5th row, respectively. That is, 45 photo detectors are arranged in total by the electric 
eye 69A. 

On each photo detector, the slit shape diaphragm (graphic display abbreviation) is arranged. 
Re-image formation of the image of the slit shape opening pattern projected at the measure 
points AF11-AF59 of drawing 2 (a), respectively on these photo detectors 75-1 1 to 75-59 is 
carried out. And on the electric eye 69A, the position of each image by which re-image 
formation was carried out vibrates in the direction of RD which is the cross direction of a 
diaphragm by carrying out rotational vibration of the light reflected in the exposure surface of 
the wafer 5 by the diaphragm corresponding to the hand-of-cut diaphragm 67 of drawing 20 . 
[0050]When the detecting signal of each photo detector 75-1 1 to 75-59 is supplied to the signal 
processor 71 A and carries out synchronous detection of each detecting signal by the signal of 
rotational vibration frequency in the signal treating apparatus 71 A, 45 focusing signals 
corresponding to the focusing position of each measure points AF1 1-AF59 on a wafer are 
generated, and the angle of inclination (leveling angle) and the average focusing position of an 
exposure surface of a wafer are computed like focusing signal predetermined of these 45 
focusing signals ] the after-mentioned. The leveling angle and focusing position which were 
these-measured are supplied to the main control system 22A of drawing 1 , and the main 
control system 22A, Based on the leveling angle and focusing position which were supplied, 
setting out of the leveling angle of the wafer 5 and a focusing position is performed via the 
drive 22B and Z leveling stage 4. 

[0051]Therefore, in this example, the focusing position of all the 45 measure points AF11-AF59 
shown in drawing 2 (a) is measurable. However, in this example, as shown in drawing 3 , the 
position of the point (henceforth a "sample point") which actually measures a focusing position 
in these 45 measure points according to the scanning direction of a wafer is changed. When 
scanning a wafer in the direction of Y to the exposure field 24, and in performing division 
destination reading like the after-mentioned as an example as shown in drawing 3 (a), odd- 
numbered measure point AF21 in the measure point of 25B, AF23, AF29 and even- 
numbered measure point AF32 in the exposure field 24, AF34, AF38 become a sample 
point. [ of row / 2nd ] When scanning a wafer in the direction of -Y to the exposure field 24, and 
in performing division destination reading like the after-mentioned as shown in drawing 3 (b), 
odd-numbered measure point AF41 in the measure point of 25D, AF43, AF49 and even- 
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numbered measure point AF32 in the exposure field 24, AF34 , AF38 become a sample 

point. [ of row / 4th ] 

[0052]The measuring result of the focusing position at the time of slit scan exposure, In order 
to change one by one according to the moving coordinate of the stage by the side of a wafer, 
the measuring result of these focusing positions is memorized by the memory storage within 
the main control system 22A of drawing 1 as a two-dimensional map which consists of 
coordinates of the scanning direction of a stage, and coordinates of the measure point of a 
non-scanning direction. The focusing position and leveling angle of a wafer at the time of 
exposure are computed using the measuring result memorized in this way. And when actually 
driving Z leveling stage 4 of drawing 1 and setting up the focusing position and leveling angle 
of an exposure surface of a wafer, operation of Z leveling stage 4 is controlled by open loop 
control according to a measuring result. In this case, exposure in the exposure field 24 is 
performed based on the result measured beforehand. Namely, as shown in drawing 4 (a), the 
2nd row of measurement of the focusing position of the field 26 on a wafer is performed by the 
predetermined sampling point of the measure point of 25B, As shown in drawing 4 (b) after 
that, when the field 26 on a wafer reaches in the exposure field 24, based on the measuring 
result in drawing 4 (a), focusing of the field 26 on a wafer and leveling control are performed. 
[0053] Drawing 5 shows Z leveling stage 4 and this control system of this example, the top face 
member of Z leveling stage 4 is supported via the three fulcrums 28A-28C in this drawing 5 on 
the bottom member, and each fulcrums 28A-28C can be expanded now and contracted in a 
focusing direction, respectively. By adjusting the amount of elasticity of each fulcrums 28A- 
28C, angle-of-inclination theta y of the focusing position of the exposure surface of the wafer 5 

on Z leveling stage 4 and a scanning direction and angle-of-inclination theta of a non- 

scanning direction can be set as a desired value. Near each fulcrums 28A-28C, the amount of 
displacement of the focusing direction of each fulcrum is attached to the height sensors 29A- 
29C measurable with resolution of about 0.01 micrometer, respectively. The highly precise 
mechanism as a positioning mechanism to a focusing direction (Z direction) in which a stroke 
is longer may be formed independently. 

[0054]in order to control leveling operation of Z leveling stage 4, the main control system 22A 
supplies angle-of-inclination theta y which should set up angle-of-inclination theta x which 

resembles the filter parts 30A and 30B every moment, and changes to them, respectively, and 
which should set up a non-scanning direction, and a scanning direction. The filter parts 30A 
and 30B supply the angle of inclination produced by filtering with filter characteristics different, 
respectively to the operation part 31, and the main control system 22A supplies the 
coordinates W of the field made into the exposure object on the wafer 5 (X, Y) to the operation 
part 31 . The operation part 31 supplies the information on the amount of displacement which 
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should be set as the actuators 32A-32C based on the coordinates W (X, Y) and two angles of 
inclination. The information on the present height of the fulcrums 29A-29C is also supplied to 
each actuators 32A-32C from the height sensors 29A-29C, respectively, and each actuators 
32A-32C set the height of the fulcrums 29A-29C as the height set as the operation part 31, 
respectively. 

[0055]By this, although the angle of inclination of the scanning direction of the exposure 
surface of the wafer 5 and the angle of inclination of a non-scanning direction are set as a 
desired value, respectively, In this case, by difference of the characteristic of the filter parts 
30A and 30B, the response frequency fm of leveling of a scanning direction Hz is more highly 
set up from the speed of response fn of leveling of a non-scanning direction [Hz . The speed of 
response fn of leveling of 10 Hz and a non-scanning direction of the response frequency fm of 
leveling of a scanning direction is 2 Hz as an example. 

[0056]lf the position by which the fulcrums 28A, 28B, and 28C are arranged is called driving 
point tangent linel, tangent Iine2, and tangent Iine3, respectively, the driving points tangent 
linel and tangent Iine2 are arranged on 1 straight line parallel to a Y-axis, and driving point 
tangent Iine3 is located on vertical 2 bisectrices with the driving points tangent linel and 
tangent Iine2. And when the slit shape exposure field 24 by a projection optical system 
assumes that it is located on shot region SA.. on the wafer 5, in this example. When performing 

leveling control of the wafer 5 via the fulcrums 28A-28C, the focusing position of the shot 
region SA.. does not change. Therefore, it is carried out in the form which leveling control and 

focus control separated. Setting out of the focusing position of the exposure surface of the 
wafer 5 is performed when only the same quantity displaces the three fulcrums 28A-28C. 
[0057]Next, it explains to details per leveling operation of this example, and focusing operation. 
First, the method of computing the angle of inclination for leveling and the focusing position for 
focusing is shown. 

(A) As shown in computing method drawing 4 of an angle of inclination, in the measure point of 
each sequence, the Y coordinate of the n-th sample point of X and a scanning direction is 

made into Y n for the X coordinate of the m-th sample point of a non-scanning direction, The 

value of the focusing position measured in the sample point of X coordinate X and Y 

coordinate Y n is expressed with AF (X Y ). The sampling number of M and a scanning 

direction is set to N for the sample number of a non-scanning direction, and the next operation 
is performed. However, peace operation sigma m expresses the sum to 1-M about the subscript 

m. 

[0058] 
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SX sigma X and SX2 sigma X 2 , SMZ sigma AF (X , Y ), and SXZ sigma (AF (X 
J mm mm m mn m 

, Y ) and X J (5) 
m' n 7 m 7 v 7 

Similarly, peace operation sigma n performs the next operation as a thing showing the sum to 
1-N about the subscript n. 

SY sigma Y and SY2 sigma Y 2 , SNZ sigma AF (X , Y ), and SYZ sigma (AF (X , 
n n n n n^mrv n v m 

Y ) and Y ) (6) 

rr n 7 v 7 

[0059]And the next operation is performed using (5) types and (6) types. 
An=(SX-SMZ-M-SXZ) (SX 2 -M-SX2) (7) 
Am=(SY-SNZ-N-SYZ) (SY 2 -N-SY2) (8) 

next, every - it asking for the angle of inclination AL (Y ) of the non-scanning direction (the 

direction of X) in the n-th sample point of a scanning direction by the least squares 
approximation, and from An, every - from Am, it asks for the angle of inclination AL (X ) of 

the scanning direction (the direction of Y) in the m-th sample point of a non-scanning direction 
by the least squares approximation. Then, angle-of-inclination theta of a non-scanning 

direction and angle-of-inclination theta y of a scanning direction are calculated by the following 

equalizing processings. 
theta x =(sigma n AL (Y n ))/N (9) 

theta y = (sigma m AL (X m ))(10) 

[0060](B) There are an equalizing processing method and the maximum minimum detection 
system in the method of computing a focal position computation method focusing position, and 
compute a focusing position by the maximum minimum detection system in this example. By 
an equalizing processing method, the focusing position <AF> as the whole exposure surface of 
the wafer 5 is calculated from a following formula using value AF (X Y n ) of an above- 
mentioned focusing position for reference. 
<AF> (sigma n sigma m AF (X m , Y p ))/(M-N) (11) 

[0061]Next, in the maximum minimum detection system, the function showing the maximum 
and the minimum is made into Max() and Min(), respectively, and focusing position AF 1 as the 
whole exposure surface of the wafer 5 is calculated from a following formula. 
AP (Max(AF (X m , Y R )) +Min(AF (X m , Y R )) 12 (12)) 

And as shown in drawing 4 (b), when the measured field 26 arrives at the exposure field 24. 
(9) Based on detection result theta of a formula, (10) types, and (12) types, theta v , and AF 1 , 

A * ** Y 

the three fulcrums 28A-28C of drawing 5 drive with an open loop on the basis of the measuring 
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result of the height sensors 29A-29C, respectively. Concretely, autofocus control is performed 
by driving simultaneously the three fulcrums 28A-28C, and auto leveling control is performed 
so that the focusing position in the exposure field 24 shown in drawing 5 may not change. 
[0062]ln drawing 5 , the interval of the direction of X of the central point of the exposure field 
24, and the fulcrums 28A and 28B Namely, X , The interval of the direction of X of the central 

point of the exposure field 24, and the fulcrum 28C X 2 , The interval of Y 1 and the direction of 

Y of the central point of the exposure field 24 and the fulcrum 28B is made into Y 2 for the 

interval of the direction of Y of the central point of the exposure field 24, and the fulcrum 28A, 
Based on the result of angle-of-inclination theta x of a non-scanning direction, displacement of 

an opposite direction is given to the fulcrums 28A and 28B and the fulcrum 28C by a ratio with 
X ^X 2 , respectively, Based on the result of angle-of-inclination theta y of a scanning direction, 

displacement of an opposite direction is given to the fulcrum 28A and the fulcrum 28B by a 
ratio with Y^Y^ respectively. 

[0063]ln the above-mentioned approach, since a focusing position and an angle of inclination 
change every moment according to an exposure device, it is necessary to amend the 
measurement value of a actual focusing position. Drawing 6 (a) shows the state where the 
focusing position and angle of inclination of ****** are measured in the measure point (AF 
point) of a certain focusing position, [ the whole field 26 on the exposure surface 5a of a wafer 
In the state of drawing 6 (a), the drive quantity <tangent Iine1>, <tangent Iine2>, and <tangent 
Iine3> of a focusing direction presuppose that it is 0 (reference position), respectively, of the 
fulcrum at each driving points tangent linel -tangent Iine3 of drawing 5 1 And as the field 26 
shows drawing 6 (b), when it reaches at the exposure point in an exposure field, these drive 
quantity is set up, respectively for exposure, without <tangent linel > a, <tangent Iine2> b, 
and <tangent Iine3> c. In this case, although only deltaF is changing compared with the case 
of drawing 6 (a), the focusing position of the field 26A currently measured in the measure point 
(AF point) of the focusing position, Since the influence of the drive quantity in each driving 
points tangent linel -tangent Iine3 is included in the variation of this deltaF, to next expose the 
field 26A, it is necessary to perform leveling and focusing in the form which amends the drive 
quantity of each driving points tangent linel -tangent Iine3 in the state of drawing 6 (b). 
[0064]Namely, the angle of inclination of the focusing position measured about the field 26, 
and the direction of X, and the angle of inclination of the direction of Y, respectively as F , 

theta 1x> and theta iy , The angle of inclination of the focusing position measured about the field 

26A and the direction of X and the angle of inclination of the direction of Y are made into F 

theta nX \ and theta nY ', respectively. When the interval of the direction of X of the measure point 
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(AF point) of a focusing position and an exposure point and the direction of Y is set to delta X 
and delta Y, respectively, correction amount deltaFI of a focusing position is as follows. 
deltaFI ^-theta^, delta X-theta iyI and deltaY (13) 

[0065]When the correction amount deltaFI is used, value F n> theta nX , and theta nY after each 

amendment of the angle of inclination of the focusing position measured about the field 26A 
and the direction of X and the angle of inclination of the direction of Y are as follows. 
F =F ' deltaFI (14) 

theta =theta v '-theta, v (15) 
nX nX 1X X ' 

theta nY =theta nY '-theta 1Y (16) 

It is necessary to manage a response so that it may not follow to the uneven side of the high 
frequency of the exposure surface of the wafer 5. Namely, since the response corresponding 
to a stage position is required also when the scan speed of the wafer 5 changes, The 
mechanism in which manage the focusing position and angle of inclination which were 
measured with the numerical filter for Fast Fourier Transform (FFT), or the servo gain of the 
actuator of the three fulcrums 28A-28C of drawing 5 is changed according to speed is used. 
However, the numerical filter for FFT needs a preliminary scan, and since a servo gain has 
phase lag, the mechanism in consideration of these is required. 

[0066](C) a servo gain flexible method - here explains per which changes the servo gain of 
the actuator of the three fulcrums 28A-28C of drawing 5 according to speed ] example of a 
method. When response frequency in case the scan speed of a wafer is V beta is set to nu, the 
transfer function G (s) is expressed as follows. 
G(s)=1/(1+Ts)(17) 

however, T 1 (2pinu) and s 2pifi - it comes out. 

[0067]From the analysis result, when scan speed V beta was 80 mm s, as for the response 
frequency nu of the non-scanning direction, 2 Hz was the optimal, and it found that 10 Hz was 
the optimal for the response frequency nu of the scanning direction. However, when 
unevenness of the exposure surface of a wafer is expressed with the sine wave of the pitch p 
and the length of the scanning direction of each shot region on a wafer is made into L Q , the 

frequency f in (17) types is as follows. 
f=(V beta) L 0 -(L 0 /p) =(V beta) p (18) 

Therefore, since the frequency f will change if scan speed V beta changes, it is necessary to 
newly ask for the optimal response frequency nu. Thus, a servo gain is determined from the 
response frequency nu for which it asked. 

[0068](D) numerical filtering method since the pitch p of the unevenness here on the 
exposure surface of a wafer is a function depending on a stage position, if the sampling of a 
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focusing position is performed by a datum reference synchronizing with a stage position, 
control independent of scan speed V beta will be attained, that is, in order to give the filtering 
effect equivalent to the transfer function G (s) with a position function, inverse Fourier 
transform of the transfer function G (s) is carried out, position function F(x) is calculated, and 
numerical filtering is performed using this position function F(x). An example of transfer 
function [ of the response frequency nu G (s) is concretely shown in drawing 7 (a), and 
position function F(x) corresponding to it is shown in drawing 7 (b). However, it is necessary to 
take run-up scan distance, and at the time of numerical filtering, when not performing this, 
phase lag arises. 

[0069]Also in which method of an above-mentioned servo gain flexible method and the 
numerical filtering method, a response is managed by phase lag and the filtering effect. Phase 
lag (time lag) is a time lag which exists between the signal corresponding to the focusing 
position made into the target shown with the curve 37A of drawing 15 (c), and the signal 
corresponding to the focusing position which is shown with the curve 38A, and which was 
measured actually. The filtering effect is that only the specified quantity makes amplitude of a 
actual focusing position small to a target focusing position, as the curves 37B and 38B of 
drawing 15 (d) show. 

[0070]As mentioned above, in this example, when performing exposure to each shot region of 
a wafer, the run-up scan which is a preliminary scan may be performed. Then, the setting 
method of the run-up scan distance is explained. Drawing 8 (a) shows the scan method in the 
case of exposing the pattern of reticle to next shot region SA 12 and SA 13 one by one, after 

finishing exposure of shot region SA^ on a wafer. After it scans a wafer in the direction of -Y 

and the exposure to shot region SA^ on a wafer finishes in this drawing 8 (a), A wafer is 

aslant moved to the X-axis and a Y-axis between acceleration-and-deceleration period T W1> 

and the neighborhood of the lower end of the next shot region SA 12 is arranged to the 

exposure field of a projection optical system. After the exposure to the first shot region SA^ 

finishes, while moving near the lower end of the next shot region SA 12 , movement of interval 

deltaL is performed in the direction of Y. In the telophase of the acceleration-and-deceleration 
period T , movement in the direction of Y of a wafer is started. 

[0071]Between subsequent establishment (setting) period T W2 , the scan speed of a wafer 
reaches about V beta, and exposure of the pattern of the reticle to shot region SA 12 is 
performed between exposure time T W3 following it. Acceleration-and-deceleration period T 
establishment period T W2> and exposure time T w3 by the side of a wafer in this case are 
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shown in drawing 8 (c), and acceleration-and-deceleration period T D ,, establishment period 

T R2 , and exposure time T R3 by the side of reticle are shown in drawing 8 (b). In the reticle 

side, since it is not necessary to move to the next shot region like drawing 8 (a), movement of 
the stage by the side of reticle is reciprocating movement in alignment with a Y-axis. In the 
wafer side, as shown in drawing 8 (c), the sampling of the focusing position by a multipoint 
focus position detection system is started from t at the time of the grade which shifts to 

establishment period T W2 from acceleration-and-deceleration period T . 

[0072]ln this example, since the response at the time of leveling and focusing is managed by 
phase lag and the filtering effect, the starting point when starting the sampling of a focusing 
position on a wafer changes with situations. For example, as what synchronizes a sampling 
with a stage position, supposing it performs numerical filtering, a sampling start position will be 
determined in the following procedure. 

[0073]First, the transfer function G (s) is given like drawing 7 (a), and from this transfer function 
G (s), position function F(x) of drawing 7 (b) is calculated by inverse Fourier transform, and it 
asks for length deltaL from the starting point of this position function F(x) to a zero crossing 
point. This length deltaL is equal to movement magnitude deltaL to the direction of Y at the 
time of moving aslant because of the exposure to the next shot region SA 12 , as shown in 

drawing 8 (a). 

[0074]To acceleration-and-deceleration period T of reticle, since acceleration-and- 
deceleration period T" W1 of a wafer is small, time ( T R1 - T W1 ) turns into waiting time by the side 
of a wafer, in this case, deltaL - < (V beta) ( T R1 " T W1 ) ~ although it does not become the fall of 

a throughput at the time of **, it becomes the fall of a throughput at the time of deltaL> (V beta) 
(T R1 -T W1 ) and **. delta Y delta L- (V beta) (T R1 -T W1 ) and length deltaY come out of and 

expressed are good as a fixed function, if the same filtering effect as the transfer function G (s) 
is acquired even if it processes as phase lag. By performing these filtering, the effect of 
reducing the influence of the air fluctuation to a multipoint focus position detection system and 
the control error of a multipoint focus position detection system is also expectable. 
[0075]Next, arrangement of the sample point in the measure point of the multipoint focus 
position detection system in the projection aligner of the slit scan exposure system of this 
example is considered. First, among the measure points AF11-AF59 according [ on drawing 2 
(a) and ] to a multipoint focus position detection system, When using the measuring result of 
the focusing position of the measure points AF31-AF39 in the slit shape exposure field 24 (i.e., 
when making the measure points AF31-AF39 into a sample point), control by the same "the 
exposure position controlling method as the conventional stepper's case is performed. Since 
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the scan of the wafer of this example is performed in the direction of Y, or the direction of -Y, it 
is arranging the sample in a measure point before a scanning direction to the exposure field 
24, and prediction control, time sharing leveling measurement, measurement value 
equalization, etc. are attained. 

[0076]Prediction control means choosing a sample point from the measure points AF41-AF49 
before a scan, AF51 - AF59, when scanning a wafer [ like in the direction of -Y to the 
exposure field 24 at drawing 2 (a). By performing prediction control, the following error over 
actual response frequency becomes |1-G(s) | to the transfer function G (s) of an autofocusing 
mechanism and an auto leveling mechanism. However, since phase lag and a filtering error 
factor are contained in this following error, phase lag can be removed if prediction control is 
performed. Since this error is 1-G[ | (s) |, about 4 times as much communicative competence 
can be given. 

[0077] Drawing 9 (a) shows the curve 39A corresponding to the focusing position made into the 
target at the time of performing the same exposure position control as usual, and the curve 
38B corresponding to the actually set-up focusing position, Drawing 9 (b) showed the curve 
40A corresponding to the focusing position made into the target at the time of performing 
prediction control, and the curve 40B corresponding to the actually set-up focusing position, 
and the phase has shifted in exposure position control. Therefore, the difference Fa of the 
target position in exposure position control and a flattery position will be about 4 times the 
difference Fb of the target position in prediction control, and a flattery position. Therefore, in 
prediction control, about 4 times as much communicative competence can be given. 
[0078]However, as already stated, since about 10 Hz is suitable in a scanning direction 
(position control method), when the response frequency of auto leveling performs prediction 
control, the filtering response of about 2.5 Hz may be sufficient as it in a scanning direction. 
When a numerical filter or a control gain performs this filtering, the scan speed of a wafer shall 
be 80 mm and the run-up scan length about 5(**80/)(2pi*2.5) mm is needed before exposure. 
The focus error by both the controlling method is shown below. 

[0079]Therefore, like the case of drawing 17 the cycle of a periodic bend of the scanning 
direction of shot region SA.. on a wafer, It bends as a value of a ratio with the width of a 

scanning direction, and expresses with the parameter F, and the focus error in each measure 
point in case there is the periodic bend is expressed with the absolute value of the average 
value of the error of the focusing position in each measure point, and one third of the sums of 
the amplitude of the error of a focusing position. The amplitude of a periodic bend of the bend 
parameter F is standardized to 1, and error parameter S which shows the maximum of the 
focus errors in these each measure point in case a bend parameter is F is expressed as a ratio 
to the bend parameter F. 

[0080]When exposure position control is performed, the response frequency fm of leveling of a 
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scanning direction drawing 10 (a) 10 Hz, Expressing error parameter S to the bend parameter 
F in case the response frequency fn of leveling of a non-scanning direction is 2 Hz, curvilinear 
A9 and B9 show error parameter in a non-scanning direction ] S, and both the curves A10 
and B10 of both show error parameter S in a scanning direction. On the other hand, when 
prediction control is performed, the response frequency fm of leveling of a scanning direction 
drawing 17 (b) 2.5 Hz, Expressing error parameter S to the bend parameter F in case the 
response frequency fn of leveling of a non-scanning direction is 0.5 Hz, the curves A1 1 and 
B11 show error parameter in a non-scanning direction ] S, and both the curves A12 and B12 
of both show error parameter S in a scanning direction. 

[0081]ln order to improve a response, it is good, but it is not suitable to remove phase lag by 
prediction control as mentioned above, when reducing a response. However, prediction control 
has much flexibility by software, and can also perform time equalization as shown by drawing 
11, and prediction setting out of the measure point of the focusing position in the time of an 
exposure start. That is, in drawing 11 (a), a focusing position is detected only the length of 
width deltaL in a front sample point (AF point) to the scanning direction of a multipoint focus 
position detection system to a certain field 26B on the exposure surface 5a of a wafer. And as 
shown in drawing 11 (b), when the field 26B reaches at an exposure point, the information on 
the focusing position detected in the range of width deltaL is equalized, and leveling and 
focusing are performed with high precision. 

[0082]As shown in drawing 11 (c), by the exposure position controlling method by the case 
where a measure point and an exposure point are equal. Even if the exposure surface 5a of a 
wafer has the level difference part 26C, as shown in drawing 11 (d), field (focal side) AFP 
made into a focal object only goes up gradually, and exposure is performed in the state where 
it was defocused at the level difference part 26C. By on the other hand, the case where the 
measure point and the exposure point are separated by the prediction controlling method as 
shown in drawing 11 (e). If the exposure surface 5a of a wafer has the level difference part 
26D, as beforehand shown in drawing 11 (f) according to the level difference, exposure will be 
performed in the state where it focused, by going up focal field AFP gradually at the level 
difference part 26D. 

[0083]lt has not only the prediction controlling method but the usual exposure position 
controlling method, and it is desirable to use the two controlling methods as a selectable 
system. Since the auto-focusing and the auto leveling mechanism of this example have the 
above functions, in order to actually control the exposure surface of a wafer, the method of 
controlling three kinds which consists of exposure position control, full prediction control, 
and ** division destination reading control can be considered. Below, it explains to these three 
kinds of controlling method per details. 

(F) Perform control of the focusing position of the exposure surface of a wafer, and a leveling 
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angle using the value of the focusing position produced by measuring at the time of exposure 
regardless of the response performance of auto-focusing and an auto leveling mechanism at 
all by the exposure position controlling method this gentleman formula. Namely, as shown in 
drawing 12 (a), also let 25Cthe 3rd row odd-numbered measure point in the exposure field 24 
be a sample point to the exposure field 24 in a scanning direction (the direction of Y) by 
making 25Bthe 2nd row even-numbered measure point of a near side into the sample point 41. 
And the 2nd row of the 3rd row of leveling control of the scanning direction of the exposure 
surface of a wafer is performed from the measurement value of the focusing position in the 
sample point of 25C with the measurement value of the focusing position in the sample point of 
25B. 

[0084]lt 2nd row 25B Reaches, the 3rd row of the inclination to a non-scanning direction is 
calculated by a least-squares-approximation method from the measurement value of the 
focusing position in the sample point of 25C, and leveling control of a non-scanning direction is 
performed. The measurement value of the focusing position in the measure point of the 3rd 
row in the exposure field 24 is also used for focus control, and it performs focus control. As 
shown in drawing 12 (b), when the scanning direction of a wafer is the direction of -Y, a sample 
point 3rd row 25C Reaches, and is chosen from the measure point of 25D the 4th row. In this 
method, although control is the easiest, there is inconvenience that flattery accuracy will 
change with the scanning speed of a wafer, etc. It 2nd row 25B Reaches and the 3rd row of 
the calibration of the focusing position in each measure point of 25C is required. 
[0085](G) receiving the exposure field 24 in the full prediction controlling method this 
gentleman type, as shown in drawing 12 (c) -- a scanning direction - a near side -- measure 
the 1st row of all the values the 1st row of of the focusing position in the sample point of 25A 
before exposure beforehand by making all the measure points of 25A into a sample point. And 
equalizing processing and filtering processing are performed, phase lag is expected, it is open 
at the time of exposure, and auto-focusing and an auto leveling mechanism are controlled. 
Namely, the 1st row of the measurement value of the focusing position in each sample point of 
25A is memorized, inclination to a scanning direction is computed from the value of the 
focusing position measured on the time-axis, and leveling control of a scanning direction is 
performed by open control at the time of exposure. 

[0086]ln parallel to it, the 1st row of the inclination to a non-scanning direction is calculated by 
a least-squares-approximation method from the measurement value of the focusing position in 
each sample point of 25A, and leveling control of a non-scanning direction is performed by 
open control. Since it is prediction, equalization on a time-axis is also possible. The 1st row of 
the measurement value of the focusing position in each sample point of 25A is memorized, 
and focal doubling is performed by open control at the time of exposure. As shown in drawing 
12 (d), when the scanning direction of a wafer is the direction of -Y, the 5th row of all the 
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measure points of 25E is chosen as a sample point. 

[0087]ln this method, since nine sample points can secure the 1st row in 25A, there is much 
amount of information and precision improvement is expectable. Since a sample point is one 
line, there is an advantage which does not need a calibration that management of a response 
can both be performed. On the other hand, when the 1st row is directly measured about the 
sample point of 25A, in order to expose the end of each shot region, the distance (run-up scan 
length) which should be scanned becomes long, and there is inconvenience to which a 
throughput falls. Since it is open control, there is also inconvenience that the check by a 
multipoint focus position detection system cannot be performed. 

[0088](H) In the division destination reading controlling method this gentleman type, as shown 
in drawing 12 (e), also let 25Cthe 3rd row even-numbered measure point in the exposure field 
24 be a sample point to the exposure field 24 in a scanning direction (the direction of Y) by 
making 25Bthe 2nd row odd-numbered measure point of a near side into a sample point. And 
it 2nd row 25B Reaches and the 3rd row of all the values of the focusing position are 
beforehand measured before exposure in the sample point of 25C. Then, equalizing 
processing and filtering processing are performed, phase lag is expected, and it controls by 
open control at the time of exposure. Namely, the 2nd row of 25B and the measurement value 
[ in / the 3rd row / the sample point of 25C of a focusing position are memorized, inclination to 
a scanning direction is computed from the value of the focusing position measured on the time- 
axis, and leveling of a scanning direction is performed by open control at the time of exposure. 
[0089]The 2nd row of the inclination to a non-scanning direction is calculated by a least- 
squares-approximation method from the measurement value of 25B and a focusing position 
[ in / the 3rd row / the sample point of 25C , and leveling of a non-scanning direction is 
performed by open control. Since it is prediction, equalization on a time-axis is also possible. 
The 2nd row of 25B and the measurement value in the 3rd row the sample point of 25C of 
a focusing position are memorized, and focal doubling is performed by open control at the time 
of exposure. As shown in drawing 12 (f), when the scanning direction of a wafer is the direction 
of -Y, a sample point 3rd row 25C Reaches, and is chosen from the measure point of 25D the 
4th row. 

[0090]ln this method, since row 2nd 25B (or the 4th row 25D) is close to the exposure field 
24, run-up scan distance for exposing the end of each shot region of a wafer can be lessened, 
and there is an advantage that management of a response can be performed. The check of 
the result at the time of exposure of having controlled the 3rd row of the exposure surface by 
open control from the measurement value of the focusing position in the sample point of 25C is 
possible. On the other hand, there is inconvenience that the 2nd row of the calibration of the 
focusing position in the sample point of 25B and the focusing position in the sample point of 
the 3rd row is required. 
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[0091 ]ln the full prediction controlling method, as shown in drawing 13 (a) - (d), more exact 
auto-focusing and auto leveling control are performed by changing the sample point of under 
an exposure start and exposure and the focusing position just before exposure completion. 
Namely, as shown in drawing 13 (a), when shot region SA which should be exposed reaches 
the position of the interval D (it is the same as the width of the scanning direction of the 
exposure field 24) to the exposure field 24, Measurement of the focusing position by a 
multipoint focus position detection system is started from the exposure field 24 in the sample 
area 42 of the interval D. An example of the width D, i.e., the width of the scanning direction of 
the exposure field 24, is 8 mm. Then, as shown in drawing 13 (b), when the tip part of shot 
region SA contacts the exposure field 24, Leveling control of a scanning direction is performed 
based on the measurement value of the focusing position in the detection area 44 during two 
sample points on a wafer, and autofocus control is performed based on the measurement 
value of the focusing position in the detection area 45 which consists of one sample point. 
[0092]Next, as shown in drawing 13 (c), when the tip part of shot region SA goes into the 
exposure field 24, Leveling control of a scanning direction is performed based on the 
measurement value of the focusing position in the detection area 44 during two sample points 
on a wafer, and autofocus control is performed based on the measurement value of the 
focusing position in the detection area 45 during two sample points. As shown in drawing 13 
(d), when shot region SA comes to cover the exposure field 24, Based on the measurement 
value of the focusing position in the wrap detection area 44, leveling control of a scanning 
direction is performed in the exposure field 24, and autofocus control is performed based on 
the measurement value of the focusing position in the wrap detection area 45 in the exposure 
field 24. 

[0093]On the other hand, also by the division destination reading controlling method, as shown 
in drawing 13 (e) - (h), more exact auto-focusing and auto leveling control are performed by 
changing the sample point of under an exposure start and exposure and the focusing position 
just before exposure completion. Namely, as shown in drawing 13 (e), when shot region SA 
which should be exposed reaches the position of interval D 2 (1 2 of the width of the scanning 
direction of the exposure field 24) to the exposure field 24, Measurement of the focusing 
position by a multipoint focus position detection system is started from the exposure field 24 
outside in the sample area 43B of interval D 2 from the sample area 43A and the exposure 
field 24 of interval D 2 to the inside. Then, as shown in drawing 13 (f), when the tip part of 
shot region SA contacts the exposure field 24, Based on the measurement value of the 
focusing position in the wrap detection area 46, leveling control of a scanning direction is 
performed in the exposure field 24, and autofocus control is performed based on the 
measurement value of the focusing position in the detection area 47 which consists of one 
sample point. 
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[0094]Next, as shown in drawing 13 (g), when the tip part of shot region SA goes into the 
exposure field 24 only width D 2, Based on the measurement value of the focusing position in 
the wrap detection area 46, leveling control of a scanning direction is performed in the 
exposure field 24, and autofocus control is performed based on the measurement value of the 
focusing position in the detection area 47 of width D 2. As shown in drawing 13 (h), when 
shot region SA comes to cover the exposure field 24, Based on the measurement value of the 
focusing position in the wrap detection area 46, leveling control of a scanning direction is 
performed in the exposure field 24, and autofocus control is performed based on the 
measurement value of the focusing position in the wrap detection area 47 in the exposure field 
24. Drawing 13 shows that run-up scan length (= D 2) is made to one half compared with the 
perfect predicting method in a division destination reading method. 
[0095]ln the above-mentioned example, in order to measure the focusing position of the 
multipoint of the exposure surface of a wafer, the multipoint focus position detection system 
which projects on a wafer the slit shape opening pattern image arranged in two dimensions is 
used. However, instead, the image of the pattern which is slit shape long and slender to a non- 
scanning direction may be projected on a wafer, and the one-dimensional focal position 
detection system which measures the focusing position of the whole non-scanning direction 
may be used. Even when measuring distribution of the two-dimensional focusing position on 
the exposure surface of a wafer using the focal position detection system of an image 
processing method, highly precise focusing and leveling can be performed by applying the 
same division destination reading as the above-mentioned example. Leveling operation of only 
a non-scanning direction may be performed in this example, without performing leveling 
operation of a scanning direction to the leveling error of a non-scanning direction, since the 
leveling error of a scanning direction is small so that drawing 17 may show. 
[0096]Of course, various composition can be taken in the range which this invention is not 
limited to the above-mentioned example, and does not deviate from the gist of this invention. 
[0097] 

[Effect of the Invention In according to the 1st surface position setting device of this 
invention the projection aligner of a slit scan exposure system, The error by unevenness of 
the surface of a sensitized substrate, the measurement accuracy of a multipoint measurement 
means, air fluctuation, etc. is amended, and there is an advantage with which the exposure 
surface of a sensitized substrate can be doubled in parallel with high precision to the image 
surface of a projection optical system. 

[0098]When the sensitized substrate is scanned via the substrate side stage and a multipoint 
measurement means samples the height of the sensitized substrate in two or more measure 
points by the datum reference of the substrate side stage, the angle of inclination of a scanning 
direction can be measured more to high degree of accuracy. In two or more measure points 
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when a multipoint measurement means becomes from two or more points in the field of this 
side at the time of a sensitized substrate being scanned to the inside of two or more points in a 
conjugate exposure region, and the conjugate exposure region of those about the illuminated 
field and projection optical system of specified shape, In measuring the height of the sensitized 
substrate, respectively, there is an advantage which can shorten the run-up scan distance at 
the time of the start of exposure by division destination reading control. 
[0099]When a multipoint measurement means changes the position of two or more measure 
points to one shot region of a sensitized substrate one by one in the process in which the 
pattern of a mask is exposed one by one, For example, by using together division destination 
reading and full prediction, both leveling accuracy and a throughput are improvable. In 
[ according to the 2nd surface position setting device of this invention the projection aligner of 
a slit scan exposure system, The error by unevenness of the surface of a sensitized substrate, 
the measurement accuracy of a multipoint measurement means, air fluctuation, etc. is 
amended, and there is an advantage with which the focusing position of the exposure surface 
of a sensitized substrate can be correctly doubled to the image surface of a projection optical 
system. 



[Translation done.] 
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* NOTICES 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 
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3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings 

[Drawing 1 It is a lineblock diagram showing the projection aligner with which one example of 
the surface position setting device by this invention was applied. 
[Drawing 2 The top view showing the slit shape two-dimensional opening pattern image 
projected on the field to which (a) includes the exposure field by a projection optical system in 
an example, the figure in which (b) shows the opening pattern on the pattern formation board 
of a multipoint focus position detection system, and (c) are the figures showing the 
arrangement of the photo detector on an electric eye. 

[Drawing 3 The figure showing a sample point in case (a) performs division destination reading 
in the example, and (b) are the figures showing the sample point in the case of performing 
division destination reading when scanning to an opposite direction. 

[Drawing 4 The figure showing the case where (a) predicts a focusing position, and (b) are the 
figures showing the case where it exposes using the predicted focusing position. 
[Drawing 5 It is a lineblock diagram showing the auto-focusing of an example, an auto leveling 
mechanism, and its control section. 

[Drawing 6 It is an explanatory view of the correcting method of the measurement value of a 
focusing position. 

[Drawing 7 (a) is a figure in which the response frequency nu shows the figure showing the 
transfer function in the case of being 10 Hz, and the position function acquired by (b) carrying 
out inverse Fourier transform of the transfer function of drawing 7 (a). 
[Drawing 8 The timing chart at the time of the scan of reticle and (c of the figure showing the 
locus of a wafer in case (a) is exposed to an adjoining shot region, and (b)) are the timing 
charts at the time of the scan of a wafer. 

[Drawing 9 The figure showing flattery accuracy in case (a) performs leveling and focusing by 
the exposure position controlling method, and (b) are the figures showing the flattery accuracy 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 4/30/2009 



JP,06-283403,A [DESCRIPTION OF DRAWINGS] 



Page 2 of 3 



in the case of performing leveling and focusing by the prediction controlling method. 
[ Drawing 10 The figure showing the calculation result of error parameter S to the bend 
parameter F when (a) uses the exposure position controlling method, and (b) are the figures 
showing the calculation result of error parameter S to the bend parameter F at the time of 
using the prediction controlling method. 

[Drawing 1 1 (a) and the figure showing a focal field in case the explanatory view of the 
equalization effect in in (b) the prediction controlling method , (c), and (d) perform 
exposure position control, (e), and (f) are the figures showing the focal field in the case of 
performing prediction control. 

[Drawing 12 (a) And the top view showing the sample point of a focusing position in case (b) 
performs exposure position control, (c) And the top view showing the sample point of a 
focusing position in case (d) performs full prediction control, (e), and (f) are the top views 
showing the sample point of the focusing position in the case of performing division destination 
reading control. 

[Drawing 13 (a) The explanatory view of the method of controlling, in case - (d) is exposed by 
the full prediction controlling method, and (e) - (h) are the explanatory views of the method of 
controlling in the case of exposing by the division destination reading controlling method. 
[Drawing 14 The figure showing a focus error in case (a) performs one-shot exposure, and (b) 
are the figures showing the focus error in the case of exposing with a slit scan exposure 
system. 

[Drawing 15 The figure showing a focus error in case (a) performs autofocus control using the 
maximum and the minimum of a measurement value, The figure showing a focus error in case 
(b) performs auto-focusing using the average value of a measurement value, the figure in 
which (c) shows a time lag error, and (d) are the figures showing change of a servo gain. 
[Drawing 16 It is a top view showing the state of performing exposure to the shot region on a 
wafer in a slit shape exposure field. 

[Drawing 17 The figure showing the calculation result of error parameter S to the bend 
parameter F at the time of (a) making equal response frequency of a scanning direction, and 
response frequency of a non-scanning direction, and performing leveling control, (b) is a figure 
showing the calculation result of error parameter S to the bend parameter F at the time of 
making response frequency of a scanning direction higher than the response frequency of a 
non-scanning direction, and performing leveling control. 

[ Draw ing 18 The figure showing the state where (a) performs autofocus control using the 
average value of a focusing position, and (b) are the figures showing the state of performing 
autofocus control using the maximum of a focusing position, and the average value of the 
minimum. 

[Drawing 19 The figure showing the calculation result of error parameter S to the bend 
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parameter F when (a) performs autofocus control by equalizing processing further in the state 
of drawing 17 (a), (b) is a figure showing the calculation result of error parameter S to the bend 
parameter F at the time of performing autofocus control using the maximum of a focusing 
position, and the average value of the minimum in the state of drawing 17 (b) further. 
[Drawing 20 It is a lineblock diagram showing the multipoint focus position detection system in 
the conventional stepper. 

[Drawing 21 The top view showing the slit shape two-dimensional opening pattern image 
projected on the field to which (a) includes the exposure field by a projection optical system in 
drawing 20 , The figure in which (b) shows the opening pattern on the pattern formation board 
of the multipoint focus position detection system of drawing 20 , and (c) are the figures showing 
the arrangement of the photo detector on the electric eye of drawing 20 . 
[Description of Notations 
2 Wafer Y-axis drive stage 

4 Z leveling stage 

5 Wafer 

8 Projection optical system 
10 Reticle Y drive stage 
12 Reticle 

22A Main control system 
24 A slit shape exposure field 
62A Pattern formation board 
69A Electric eye 
71 A Signal processor 
AF1 1-AF59 Measure point 



[Translation done.] 
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CORRECTION OR AMENDMENT 

[Kind of official gazette Printing of amendment by regulation of 2 of Article 1 7 of Patent Law 
[Section classification] The 2nd classification of the part VII gate 
[Publication date March 23, Heisei 13 (2001.3.23) 

[Publication No. JP,6-283403,A 

[Date of Publication October 7, Heisei 6 (1994.10.7) 

[Annual volume number Publication of patent applications 6-2835 

[Application number]Japanese Patent Application No. 5-67271 

[The 7th edition of International Patent Classification 
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[Written amendment 

[Filing date]June 14, Heisei 11 (1999.6.14) 
[Amendment 1] 

[Document to be Amended Specification 
[ltem(s) to be Amended The name of an invention 
[Method of Amendment]Change 
[Proposed Amendment 
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[Title of the Invention A device manufacturing method which uses a scanning exposure 
method, a surface position setting device, a scanning type exposure device, and said method 
[Amendment 2] 

[Document to be Amended Specification 
[ltem(s) to be Amended Claim 
[Method of Amendment]Change 
[Proposed Amendment 
[Claim(s) 

[Claim 1 An illumination-light study system which illuminates an illuminated field of specified 
shape by exposing light, and the mask side stage which scans a mask in which a pattern for 
exposure was formed to said illuminated field, It is a surface position setting device for being 
provided in an exposure device which has a projection optical system which projects a pattern 
of said mask in said illuminated field on a sensitized substrate, and the substrate side stage 
which scans said sensitized substrate synchronizing with said mask, and doubling an exposure 
surface of said sensitized substrate in parallel with the image surface of said projection optical 
system, 

A multipoint measurement means which measures height of a direction parallel to an optic axis 
of said projection optical system of said sensitized substrate in two or more measure points 
including two or more points of a direction which crosses in the direction by which said 
sensitized substrate is scanned, respectively, 

A calculating means which asks for difference of an angle of inclination between an exposure 
surface of said sensitized substrate, and the image surface of said projection optical system 
from a measuring result of this multipoint measurement means, 

It is provided in said substrate side stage, and has an inclination setting-out stage which sets 
up an angle of inclination of a direction which intersects perpendicularly in an angle of 
inclination of the direction of said scan of said sensitized substrate, and the direction of said 
scan based on difference of said angle of inclination called for by said calculating means, 
A surface position setting device making speed of response in case this inclination setting-out 
stage sets up an angle of inclination of the direction of said scan of said sensitized substrate 
differ from speed of response when setting up an angle of inclination of a direction which 
intersects perpendicularly towards said scan. 

[Claim 2 The surface position setting device according to claim 1 when said multipoint 
measurement means is scanned [ said sensitized substrate via said substrate side stage, 
wherein it samples height of said sensitized substrate in said two or more measure points by a 
datum reference of said substrate side stage. 

[Claim 3 In two or more measure points when said multipoint measurement means becomes 
from two or more points in a field of this side at the time of said sensitized substrate being 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww 4/30/2009 



Page 3 of 14 



scanned to inside of two or more points in a conjugate exposure region, and said conjugate 
exposure region about an illuminated field and said projection optical system of said specified 
shape, The surface position setting device according to claim 1 or 2 measuring height of said 
sensitized substrate, respectively. 

[Claim 4 The surface position setting device according to claim 1, wherein said multipoint 
measurement means changes a position of two or more of said measure points to one shot 
region of said sensitized substrate one by one in a process in which a pattern of said mask is 
exposed one by one. 

[Claim 5 An illumination-light study system which illuminates an illuminated field of specified 
shape by exposing light, and the mask side stage which scans a mask in which a pattern for 
exposure was formed to said illuminated field, It is a surface position setting device for being 
provided in an exposure device which has a projection optical system which projects a pattern 
of said mask in said illuminated field on a sensitized substrate, and the substrate side stage 
which scans said sensitized substrate synchronizing with said mask, and doubling height of an 
exposure surface of said sensitized substrate with the image surface of said projection optical 
system, 

A height measurement means to measure height of a direction parallel to an optic axis of said 
projection optical system of said sensitized substrate in a predetermined measure point in a 
measuring region which consists of a field of this side at the time of said sensitized substrate 
being scanned to a conjugate exposure region and this exposure region about an illuminated 
field and said projection optical system of said specified shape, 

A calculating means which asks for difference of average height of an exposure surface of said 
sensitized substrate, and height of the image surface of said projection optical system based 
on the maximum and the minimum of two or more height measurement results obtained by 
said height measurement means when said sensitized substrate is scanned, 
A surface position setting device having a height setting-out stage which sets up height of said 
sensitized substrate based on difference of said height which was provided in said substrate 
side stage and found by said calculating means. 

[Claim 6 In a scanning type exposure device which carries out scanning exposure of said 2nd 
object by moving the 2nd object to an exposure beam which passed a projection system 
synchronizing with moving the 1st object to an exposure beam, 

A detection means to detect position information on said 2nd object about an optical axis 
direction of said projection system in two or more measure points during movement of said 2nd 
object, 

It has a setting-out means to set up inclination of said 2nd object during movement of said 2nd 
object based on a detection result of said detection means, 

A scanning type exposure device, wherein this setting-out means changes speed of response 
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when setting up inclination of speed of response when setting up inclination of the move 
direction of said 2nd object, the move direction of said 2nd object, and a crossing direction. 
[Claim 7 In a scanning type exposure device which carries out scanning exposure of said 2nd 
object by moving the 2nd object to an exposure beam which passed a projection system 
synchronizing with moving the 1st object to an exposure beam, 

A detection means to detect position information on said 2nd object about an optical axis 
direction of said projection system in two or more measure points during movement of said 2nd 
object, 

An adjustment device which adjusts physical relationship of the image surface of said 
projection system, and said 2nd object during movement of said 2nd object based on the 
maximum of the position information detected in two or more detecting points of said detection 
means, and the minimum, 

A scanning type exposure device characterized by preparation 

[Claim 8 The scanning type exposure device according to claim 7, wherein said adjustment 
device performs weighting to said maximum and said minimum and coincides a field of a 
request on said 2nd object with the image surface of said projection system substantially. 
[Claim 9 The scanning type exposure device according to claim 7 or 8, wherein said 
adjustment device adjusts inclination relation between the image surface of said projection 
system, and said 2nd object about the move direction of said 2nd object, and a crossing 
direction. 

[Claim 10 In a scanning type exposure device which carries out scanning exposure of said 2nd 
object by moving the 2nd object to an exposure beam which passed a projection system 
synchronizing with moving the 1st object to an exposure beam, 

A detection means to detect position information on said 2nd object about an optical axis 
direction of said projection system in two or more detecting points during movement of said 
2nd object, 

An alignment means to carry out weighting to position information detected in two or more 
detecting points of said detection means, and to perform alignment of a field of a request on 
said 2nd object, and the image surface of said projection system during movement of said 2nd 
object, 

A scanning type exposure device characterized by preparation 

[Claim 11 The scanning type exposure device according to claim 10, wherein said alignment 
means adjusts inclination relation between a request side on said 2nd object, and the image 
surface of said projection system about the move direction of said 2nd object, and a crossing 
direction. 

[Claim 12 The scanning type exposure device according to claim 10 or 11 having an 
independently movable respectively supporting point, adjusting movement magnitude of this 
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supporting point, respectively, and performing alignment of the image surface of said 
projection system, and a field of a request on said 2nd object while said alignment means 
supports said 2nd object. 

[Claim 13 In a scanning type exposure device which carries out scanning exposure of said 2nd 
object by moving the 2nd object to an exposure beam which passed a projection system 
synchronizing with moving the 1st object to an exposure beam, 

A detection means to detect position information on said 2nd object about an optical axis 
direction of said projection system in two or more detecting points during movement of said 
2nd object, 

It has a setting-out means to perform field setting out of said 2nd object to the image surface of 
said projection system during movement of said 2nd object based on a detection result of said 
detection means, 

A scanning type exposure device changing speed of response when performing field setting 
out of said 2nd object according to movement speed of said 2nd object. 
[Claim 14 The scanning type exposure device according to claim 13, wherein said speed of 
response is managed with a filter. 

[Claim 15 The scanning type exposure device according to claim 13, wherein change of said 
speed of response includes change of a servo gain of an actuator of said setting-out means. 
[Claim 16 The scanning type exposure device according to any one of claims 6 to 15, wherein 
said detection means has a detecting point in an irradiation area of an exposure beam which 
passed said projection system. 

[Claim 17 The scanning type exposure device according to any one of claims 6 to 15, wherein 
said detection means has a detecting point which is distant from an irradiation area of an 
exposure beam which passed said projection system. 

[Claim 18 The scanning type exposure device according to any one of claims 6 to 17, wherein 
said two or more detecting points are left and set up in the move direction of said 2nd object, 
and the crossing direction. 

[Claim 19 The scanning type exposure device according to claim 18, wherein said two or more 
detecting points are arranged in two dimensions. 

[Claim 20 In a scanning type exposure device which carries out scanning exposure of said 2nd 
object by moving the 2nd object to an exposure beam which passed a projection system 
synchronizing with moving the 1st object to an exposure beam, 

A detection means to detect concavo-convex information on an exposure surface of said 2nd 
object, 

In order to perform alignment of an exposure surface of said 2nd object, and the image surface 
of said projection system during scanning exposure of an exposure surface of said 2nd object, 
it has a setting-out means to perform field setting out of said exposure surface based on 
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concavo-convex information detected by said detection means, 

A scanning type exposure device, wherein this setting-out means controls field setting out 
which worsens alignment accuracy of said image surface and said exposure surface. 
[Claim 21 The scanning type exposure device according to claim 20 detecting concavo-convex 
information on an exposure surface of said 2nd object by said detection means in advance of 
scanning exposure of said 2nd object moving said 2nd object in order to control said field 
setting out. 

[Claim 22 The scanning type exposure device according to claim 20 or 21 when said detection 

means measures [ position information on an exposure surface of said 2nd object about an 

optical axis direction of said projection system in two or more measure points during 

movement of said 2nd object, wherein it detects said concavo-convex information. 

[Claim 23 The scanning type exposure device according to any one of claims 20 to 22, wherein 

said setting-out means has a restraint means for controlling said field setting out 

[Claim 24 The scanning type exposure device according to claim 23, wherein said restraint 

means controls said field setting out by carrying out filtering processing of the information 

detected by said detection means. 

[Claim 25 The scanning type exposure device according to any one of claims 20 to 23 
controlling said field setting out by said setting-out means having an actuator for moving a 
supporting point of said 2nd object to an optical axis direction of said projection system, and 
adjusting a servo gain of this actuator. 

[Claim 26 The scanning type exposure device according to claim 25, wherein said servo gain 
is variable according to movement speed of said 2nd object. 

[Claim 27 The scanning type exposure device according to any one of claims 20 to 26, wherein 
said setting-out means controls setting out of inclination to an exposure surface of said 2nd 
object. 

[Claim 28 A device manufacturing method using the scanning type exposure device according 
to any one of claims 6 to 27. 

[Claim 29 In a scanning exposure method which carries out scanning exposure of said 2nd 
object by moving the 2nd object to an exposure beam which passed a projection system 
synchronizing with moving the 1st object to an exposure beam, 

A scanning exposure method changing speed of response when setting up inclination of said 
2nd object during movement of said 2nd object and setting up inclination of speed of response 
when setting up inclination of the move direction of said 2nd object, the move direction of said 
2nd object, and a crossing direction. 

[Claim 30 In a scanning exposure method which carries out scanning exposure of said 2nd 
object by moving the 2nd object to an exposure beam which passed a projection system 
synchronizing with moving the 1st object to an exposure beam, 
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A scanning exposure method changing speed of response when setting up inclination of the 
move direction of said 2nd object according to movement speed of said 2nd object when 
setting up inclination of said 2nd object during movement of said 2nd object. 
[Claim 31 In a scanning exposure method which carries out scanning exposure of said 2nd 
object by moving the 2nd object to an exposure beam which passed a projection system 
synchronizing with moving the 1st object to an exposure beam, 

While detecting position information on said 2nd object about an optical axis direction of said 
projection system in two or more measure points during movement of said 2nd object, A 
scanning exposure method characterized by adjusting physical relationship of the image 
surface of said projection system, and said 2nd object based on the maximum of the position 
information detected in a detecting point of this plurality, and the minimum. 
[Claim 32 In a scanning exposure method which carries out scanning exposure of said 2nd 
object by moving the 2nd object to an exposure beam which passed a projection system 
synchronizing with moving the 1st object to an exposure beam, 

A scanning exposure method which carries out weighting to position information which detects 
position information on said 2nd object about an optical axis direction of said projection system 
in two or more detecting points, and is detected in a detecting point of this plurality during 
movement of said 2nd object, and is characterized by a thing of a field of a request on said 2nd 
object, and the image surface of said projection system to do for alignment. 
[Claim 33 The scanning exposure method according to claim 31 or 32, wherein said two or 
more detecting points contain a detecting point in an irradiation area of an exposure beam 
which passed said projection system. 

[Claim 34 The scanning exposure method according to any one of claims 31 to 33, wherein 
said two or more detecting points contain a detecting point which is distant from an irradiation 
area of an exposure beam which passed said projection system. 

[Claim 35 The scanning exposure method according to claim 33 or 34, wherein said two or 
more detecting points contain two or more detecting points left in the move direction of said 
2nd object, and the crossing direction. 

[Claim 36 In a scanning exposure scanning exposure method which carries out scanning 

exposure of said 2nd object by moving the 2nd object to an exposure beam which passed a 

projection system synchronizing with moving the 1st object to an exposure beam, 

When carrying out scanning exposure of said exposure surface, performing field setting out of 

said exposure surface based on concavo-convex information on said exposure surface in 

order to perform alignment of an exposure surface of said 2nd object, and the image surface of 

said projection system, A scanning exposure method controlling field setting out which 

worsens alignment accuracy of said image surface and said exposure surface. 

[Claim 37 The scanning exposure method according to claim 36 detecting concavo-convex 
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information on an exposure surface of said 2nd object in advance of scanning exposure of said 
2nd object moving said 2nd object in order to control said field setting out. 
[Claim 38 The scanning exposure method according to claim 37 when position information on 
an exposure surface of said 2nd object about an optical axis direction of said projection system 
detects said concavo-convex information in two or more measure points, moving said 2nd 
object, wherein it searches for. 

[Claim 39 The scanning exposure method according to any one of claims 36 to 38, wherein 
control of said field setting out includes control of inclination setting out of an exposure surface 
of said 2nd object. 

[Claim 40 A device manufacturing method using the scanning exposure method according to 
any one of claims 29 to 39. 
[The amendment 3] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0001 
[Method of Amendment]Change 
[Proposed Amendment 
[0001] 

[Industrial Application This invention is used for the projection aligner of the slit scan exposure 
system provided with the autofocusing mechanism or the auto leveling mechanism , for 
example, and relates to a suitable scanning exposure method . This invention relates to the 
device manufacturing method which uses the surface position setting device and scanning 
type exposure device which can be used when enforcing such a scanning exposure method, 
and its scanning exposure method. 
[Amendment 4] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0014 
[Method of AmendmentjChange 
[Proposed Amendment 

[0014]ln view of this point, an object of this invention is to provide the scanning exposure 
method which can be used in order to double the exposure surface of a sensitized substrate 
with high precision to the image surface of a projection optical system in the projection aligner 
of a slit scan exposure system. An object of this invention is also to provide the device 
manufacturing method which can manufacture a device with high precision using the surface 
position setting device and scanning type exposure device which can be used when enforcing 
the scanning exposure method, and its scanning exposure method. 
[Amendment 5] 

[Document to be Amended Specification 
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[ltem(s) to be Amended 0018 
[Method of Amendment]Change 
[Proposed Amendment 

[0018]As for the multipoint measurement means, it is desirable to change the position of the 
measure point of these plurality to one shot region of a sensitized substrate (5) one by one in 
the process in which the pattern of a mask (12) is exposed one by one. The 2nd surface 
position setting device by this invention, The mask side stage (10) which scans the mask (12) 
in which the pattern for exposure was formed to the illumination-light study system which 
illuminates the illuminated field of specified shape, and its illuminated field by exposing light, 
The projection optical system (8) which projects the pattern of the mask (12) in the illuminated 
field on a sensitized substrate (5), It is provided in the exposure device which has the substrate 
side stage (2) which scans a sensitized substrate (5) synchronizing with a mask (12), It is a 
surface position setting device for doubling the height of the exposure surface of a sensitized 
substrate (5) with the image surface of a projection optical system (8), In the predetermined 
measure point in the measuring region which consists of a field of this side at the time of a 
sensitized substrate (5) being scanned to a conjugate exposure region (24) and this exposure 
region about the illuminated field and projection optical system (8) of that specified shape, A 
height measurement means (62A, 69A) to measure the height of a direction parallel to the 
optic axis of the projection optical system (8) of a sensitized substrate (5), It is provided in the 
calculating means (71 A) which asks for the difference of the average height of the exposure 
surface of a sensitized substrate (5), and the height of the image surface of a projection optical 
system (8) based on the maximum and the minimum of two or more height measurement 
results obtained by the height measurement means when a sensitized substrate (5) is 
scanned, and the substrate side stage (2), Based on the difference of the height found by the 
calculating means (71 A), it has a height setting-out stage (4) which sets up the height of a 
sensitized substrate (5). Next, the 1st scanning type exposure device by this invention, 
Synchronizing with moving the 1st object to an exposure beam, by moving the 2nd object to 
the exposure beam which passed the projection system, A detection means to detect the 
position information on the 2nd object about the optical axis direction of the projection system 
in two or more measure points during movement of the 2nd object in the scanning type 
exposure device which carries out scanning exposure of the 2nd object, Have a setting-out 
means to set up inclination of the 2nd object during movement of the 2nd object based on the 
detection result of the detection means, and this setting-out means, Speed of response when 
setting up inclination of the speed of response and the move direction of the 2nd object of 
[ when setting up inclination of the move direction of the 2nd object ], and the crossing 
direction is changed. The 2nd scanning type exposure device by this invention, Synchronizing 
with moving the 1st object to an exposure beam, by moving the 2nd object to the exposure 
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beam which passed the projection system, A detection means to detect the position 
information on the 2nd object about the optical axis direction of the projection system in two or 
more measure points during movement of the 2nd object in the scanning type exposure device 
which carries out scanning exposure of the 2nd object, It has an adjustment device which 
adjusts the physical relationship of the image surface and the 2nd object of the projection 
system during movement of the 2nd object based on the maximum of the position information 
detected in two or more detecting points of the detection means, and the minimum. The 3rd 
scanning type exposure device by this invention, Synchronizing with moving the 1st object to 
an exposure beam, by moving the 2nd object to the exposure beam which passed the 
projection system, A detection means to detect the position information on the 2nd object 
about the optical axis direction of the projection system in two or more detecting points during 
movement of the 2nd object in the scanning type exposure device which carries out scanning 
exposure of the 2nd object, It has an alignment means to carry out weighting to the position 
information detected in two or more detecting points of the detection means, and to perform 
alignment of the field and the image surface of a projection system of the request on the 2nd 
object during movement of the 2nd object. The 4th scanning type exposure device by this 
invention, Synchronizing with moving the 1st object to an exposure beam, by moving the 2nd 
object to the exposure beam which passed the projection system, A detection means to detect 
the position information on the 2nd object about the optical axis direction of the projection 
system in two or more detecting points during movement of the 2nd object in the scanning type 
exposure device which carries out scanning exposure of the 2nd object, During movement of 
the 2nd object, it has a setting-out means to perform field setting out of the 2nd object to the 
image surface of the projection system based on the detection result of the detection means, 
and speed of response when performing field setting out of the 2nd object is changed 
according to the movement speed of the 2nd object . The 5th scanning type exposure device by 
this invention, Synchronizing with moving the 1st object to an exposure beam, by moving the 
2nd object to the exposure beam which passed the projection system, A detection means to 
detect the concavo-convex information on the exposure surface of the 2nd object in the 
scanning type exposure device which carries out scanning exposure of the 2nd object, It has a 
setting-out means to perform field setting out of the exposure surface based on the concavo- 
convex information detected by the detection means in order to perform alignment of the 
exposure surface and the image surface of a projection system of the 2nd object during the 
scanning exposure of the exposure surface of the 2nd object, This setting-out means controls 
field setting out which worsens the alignment accuracy of the image surface and its exposure 
surface. The 1st scanning exposure method by this invention next, by moving the 2nd object to 
the exposure beam which passed the projection system synchronizing with moving the 1st 
object to an exposure beam, In the scanning exposure method which carries out scanning 
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exposure of the 2nd object, when setting up inclination of the 2nd object during movement of 
the 2nd object, speed of response when setting up inclination of the speed of response and the 
move direction of the 2nd object of when setting up inclination of the move direction of the 
2nd object], and the crossing direction is changed . The 2nd scanning exposure method by this 
invention by moving the 2nd object to the exposure beam which passed the projection system 
synchronizing with moving the 1st object to an exposure beam, In the scanning exposure 
method which carries out scanning exposure of the 2nd object, when setting up inclination of 
the 2nd object during movement of the 2nd object, speed of response when setting up 
inclination of the move direction of the 2nd object is changed according to the movement 
speed of the 2nd object. The 3rd scanning exposure method by this invention by moving the 
2nd object to the exposure beam which passed the projection system synchronizing with 
moving the 1st object to an exposure beam, In the scanning exposure method which carries 
out scanning exposure of the 2nd object, while detecting the position information on the 2nd 
object about the optical axis direction of the projection system in two or more measure points 
during movement of the 2nd object, Based on the maximum of the position information 
detected in the detecting point of this plurality, and the minimum , the physical relationship of 
the image surface and the 2nd object of the projection system is adjusted. The 4th scanning 
exposure method by this invention by moving the 2nd object to the exposure beam which 
passed the projection system synchronizing with moving the 1st object to an exposure beam, 
In the scanning exposure method which carries out scanning exposure, the 2nd object during 
movement of the 2nd object, Weighting is carried out to the position information which detects 
the position information on the 2nd object about the optical axis direction of the projection 
system in two or more detecting points, and is detected in the detecting point of this plurality, 
and it is a thing of the field and the image surface of a projection system of the reguest on the 
2nd object which carries out alignment. The 5th scanning exposure method by this invention 
by moving the 2nd object to the exposure beam which passed the projection system 
synchronizing with moving the 1st object to an exposure beam, When carrying out scanning 
exposure of the exposure surface, performing field setting out of the exposure surface based 
on the concavo-convex information on the exposure surface in the scanning exposure 
scanning exposure method which carries out scanning exposure of the 2nd object in order to 
perform alignment of the exposure surface and the image surface of a projection system of the 
2nd object, Field setting out which worsens the alignment accuracy of the image surface and 
its exposure surface is controlled. Next, the scanning type exposure device of above- 
mentioned this invention is used for the 1st device manufacturing method by this invention. 
The scanning exposure method of above-mentioned this invention is used for the 2nd device 
manufacturing method by this invention. 
[Amendment 6] 
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[Document to be Amended Specification 
[ltem(s) to be Amended 0019 
[Method of Amendment]Change 
[Proposed Amendment 
[0019] 

[Function]When scanning the sensitized substrate (5) as the mask (12) and the 2nd object as 
the 1st object synchronously in this this invention and exposing the pattern image of a mask 
(12) on a sensitized substrate (5), For example, the height of a sensitized substrate (5) is 
measured using the multipoint measurement means in two or more measure points containing 
the measure point before the direction of the scan. And it asks for the angle of inclination of a 
sensitized substrate (5) by acquiring multiple-times height information in accordance with the 
direction of a scan, respectively in the measure point of these plurality. Then, when exposing 
the pattern image of a mask (12) to the field to which the angle of inclination was called for 
such, the angle of inclination of the field is set up based on the angle of inclination for which it 
asked beforehand. Thereby, the exposure surface of a sensitized substrate (5) is set up in 
parallel with the image surface of a projection optical system (8) also with a slit scan exposure 
system. 

[Amendment 7] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0027 
[Method of Amendment]Change 
[Proposed Amendment 

[0027]ln this invention , in order to remove these errors, the response of the scanning direction 
of a leveling mechanism and the response of the non-scanning direction are changed. It is 
premised on the focal position detection system of an oblique incidence type multipoint as a 
multipoint measurement means for auto leveling mechanisms in this invention. It aims at 
making the maximum of the gap with each point of the exposure surface in the predetermined 
field, and the image surface of a projection optical system into the minimum regardless of the 
average field of the exposure surface of the sensitized substrate in the predetermined field in 
the exposure field of a projection optical system. Thus, in the predetermined field in the 
exposure field of a projection optical system, an exposure field in case the maximum of the 
gap with almost all the points of the exposure surface of a sensitized substrate and the image 
surface of a projection optical system is the minimum is called the good field (Good Field). 
[Amendment 8] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0035 
[Method of AmendmentJChange 
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[Proposed Amendment 

[0035]Next, the autofocus control in this invention is considered. If the concept of the above- 
mentioned good field (Good Field) is taken in, as shown in drawing 16, Equalizing processing 
of the focusing position of each measure point in the center section 24a of the exposure field 
24 is performed, and if the field shown by the average value of the focusing position is doubled 
with the image surface of a projection optical system, accuracy may get worse. That is, 
drawing 18 (a) shows the field 34A corresponding to the average value of the focusing position 
of each measure point of the exposure surface 5a with the crevice of depth H of a sensitized 
substrate, and the difference deltaZ3 of the focusing direction of the field 34A and crevice is 
larger than H 2. 
[Amendment 9] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0097 
[Method of Amendment]Change 
[Proposed Amendment 
[0097] 

[Effect of the Invention According to the 1st surface position setting device of this invention, the 
1st scanning type exposure device, the 1st scanning exposure method , etc. In the projection 
aligner of a slit scan exposure system, the error by unevenness of the surface of a sensitized 
substrate, the measurement accuracy of a multipoint measurement means, air fluctuation, etc. 
is amended, and there is an advantage with which the exposure surface of a sensitized 
substrate can be doubled in parallel with high precision to the image surface of a projection 
optical system. 
[Amendment 10] 

[Document to be Amended Specification 
[ltem(s) to be Amended 0099 
[Method of Amendment]Change 
[Proposed Amendment 

[0099]When a multipoint measurement means changes the position of two or more measure 
points to one shot region of a sensitized substrate one by one in the process in which the 
pattern of a mask is exposed one by one, For example, by using together division destination 
reading and full prediction, both leveling accuracy and a throughput are improvable. According 
to the 2nd surface position setting device of this invention, the 2nd scanning type exposure 
device, the 3rd scanning exposure method , etc. In the projection aligner of a slit scan exposure 
system, the error by unevenness of the surface of a sensitized substrate, the measurement 
accuracy of a multipoint measurement means, air fluctuation, etc. is amended, and there is an 
advantage with which the focusing position of the exposure surface of a sensitized substrate 
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can be correctly doubled to the image surface of a projection optical system. 
[Amendment 11] 

[Document to be Amended Specification 
[ltem(s) to be Amended Drawing 1 
[Method of Amendment]Change 
[Proposed Amendment 

[Drawing 1 It is a lineblock diagram showing the projection aligner of one example of this 
invention . 



[Translation done.] 
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9 #6BBSn. &g#3fi^ 7 5 - 1-7 5- 9 ©±fcH 



(3) &PW6-2 8 340 3 

4 

nTV^. -tLT. 02 1 (a) ©&fl*£AF 1 -A 
F 9 ±©«*»-tn^nS3tS 6 9 ©^SftiSS^ 7 5-1 
-7 5-9©±fcBISBShTlr»*. £©«£. 020 
©«?XA5 3©B3M (tfXAffi) "CSjtSn&BHWJt 
«. «3t*f«>>X6 6©|gffiH»:#«fStWC02 
0©SBCB£BBft:ft©BQe** (|e|£S») 
HIE*W«»«6 7fcKlt*n*fcft. 02 1 (c) \Z 
m& 5 fci 3*8 6 9 iTli&^S? 7 5-1-7 
i0 5-9 ±K»IS«3n*a*«©{fl«tf<X 'J y h«©P8 

p©«*iRn?»«RD*isiKfi»-r*. 

[0 0 0 9] 02 1 (a) omm&AF 1 -A 

F9±©X'Jy MK©WP©Btt. g#ft^520ft 
(Hfc»UTl»»fcja*fSnTH*fc». 7XA5 3©» 

)tgg6 9±t©s^«fieuRD^ifi)»ts:{b-r5. fto 

T, B4BBBB 7 1 (*3T. 63*$^ 7 5-1-75 

- 9 ©*ffi«^*-en-pniirtg*^««i« 6 7 ©insiM 

^TPI^ift-r^-tT. IHI&AF1~AF9©7* 
20 -:frX&fifc*tt^ftajfrrS9fi©7*-:&XB## 

4 -)V F 7 4 ©¥3tt&n©flftft&tft©¥$nftB 

©7 *-#x&g##© e.nT^ SIW* 5 8 IC«J&3 

n. snubs sk. s»ss5 9a^zk^'j>^x 

T—7 5 4*^bT^XA5 30Si->ayhSlt©7 

*- #x&BRffBBA (vm>9*) %m%.v>m\z 

XA5 3©§-> 3 y hB«K:43V>T7*-#X&BRtf 

jo t?, •?-n-6nv?i';v5 i©A^->«*?sjtsnrv> 
&. 

[0 0 10] 

[5g9tt<BftLJ:5tr*»fi] fi*. ¥Sfl^£tc 
*V>Ttt/^->!WMM:UTt»*&», 1KB***© 

fc©©^SIca, »)Bt©ifi*©fi»ftfl:, Xttg^ 
40 (r-fXh— >a>. «HNA«) t)Jf«©»*KII» 

tzz.tifimm\ztioT$x»z. Jtz-emtMnn 
x © m n x y y h x * t >«^3C©js»B5t 

[ooii] ^©x'Jy hx^^>BJt^S©a^B^ 
SBTtt, «««Xttn®tt«©)iWB« (KT, rx 
•J»h«©«M!B«j iV>5) \ZttVTV?>7)VR.VV 
XA*B»«lcR|JBbTjettHa:]0«6. ^©W^i'^© 
A^->*f>XA±K:BJtan*. SoT, WEX'Jy 

50 Xh— >3>BB*t|fiJ±r*tV>5f«ljS**»r)&. 
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5 

[0012] ft*©i^»©*£a©±jitt6 

/5ttT*ofc*t, ¥»#*?B©B»/ , <*-->©*B 

«f-fbtc«t o» f&Ssi/sftcfcfcT©^^©*^ 

7^-#PB**S<r**#T#*;iiJy hX**> 

[0 0 13] >r«k«XU y hX*lr>«3t*a©t9»» 

jjffl©7*-*^(MMWfl***©S*affll/T. 7X 
A±®BXB©7*HbxfUDfctflMA*IMbfcfc 

T*«iV»53f«^#«*ofc. BPS, flBKBXiJyhX 
**:'B3fc8F*©aBB*RBl;:t»V»T. »7XA©7* 

[0 0 14] ttBBttJK*«AIUte. XUy hX*+ 
>B*^©«BB*RBfciWT, ®ftg«©Bft® 
*aB**B©«Bfc»UT*R*fc£fctt&tffc»C 
ffiffl T# S «fc 5 &BfcBR«8B*B«T* Jl t £ 1 65) 

tr«. 

[0015] 

[i*H£»ifc-fS;fcie>©*K] *?8i?JfflSiS l ©B&BR 
£8Bte. BJttTBH»K©Bti«**JHffr«Bn 

^SntTXi' (12) S££f4TX*«XT— 5? 

do) t, *©BWR«rt©Tx* (12) ©a*- 
>mytm&. (5) ±fcRBi-*«B*** (8) t. 

(12) tNHJLTii^Sfi (5) *j£SE**S 

«Rxy~y (2) t£rrsB#8Ri;:RttStt, & 
3t*« (5) vB%mm&*&x (8) ©«®{c¥fT 
t^tt&t»&»©BiMH»eaBT*"3T. ®3ta« 

(5) *t**Sn**l«iK3aM-**rtlOlMkOjfll** 
£f*»©ttJBja (AF 1 1-AF5 9) fc«iHT«*B 

« (5) ©rbx?* (8) oxmzmttmmm* 
**n*mn>f«*ja[in«*ii (6 2 a, 6 9 a) 

t, C©£ABR¥R©mMSXJ:9B%£tt (5) © 
Bft®£RBtt¥* (8) ©«Bt©|Hi©«&a©g# 

^*«65is»?a (7 ia) ts^rr*. 

[0 0 16] Bfc*BWI4, S«BXx-S> (2) ICR 

(ten, s*g#a (7 ia) teio*»6n«;*o«w» 

ftO«»CaitJV»T. aSXSIE (5) ©-5-©it&©;£|nJ 

(y^fisj) ©«^fts^©5e«©^isjfc:BS5-r**isi 
(x*iflo oMMcner&aMttx?-? (4) 

(4) Dmitmtil (5) ©*©£3E©£A (Y#fi) © 



(4) &SPP6-2 8 34 0 3 

*Rfirr« £#©«***&. *o>i&i<»i3 
WKOrrs^ft (x^) ©tf&ao. twerst 
^©j&saat&sis & tat «>©■?**. 
[0017] ;:©$£. *©*jsuN-mk». sfiflsx 

y-i> (2) £fl-LT!£tf£g1£ (5) *t^S$nx^.5 

t#t. s«bx?-$> (2) ommrztubm. 
mmmz&ttzmxm®. (5) ©Ba«u-;/:/u>if 

UTfc&K Sfc, *©*jftlHI*Rtt. *©flr£«tt 
©BBBWtRf&ft^* (8) eMLTgft&BXRtt 

jo (2 4) rt©tt*©^tftw:-t©*a&BJt««rt»:^u 

Tiiftgfii (5) tf^3n«R©f*tt©«Rrt©ttft 
©j^Ofc*BR©R»«K:*v>T, (5) © 

[0018] *©$£bb?ri& gs#g« 

(5) ©lO©-> 3 »/ hB*fr\JS;*;YX? (12) ©A 
*->*B#Taii8K:*v>T. JRfc*ttS»R©ffHil 

i*»2©ffiftBS5£gS», B%%T0r£»tt©RB 

20 j6fflo/x^->*»»aanfcTx^ (12) 

TX^fijXr-v' (10) i, -tOBSIiRtfrtOVX* 

(12) ©A-*->£S0fc«« (5) ±j;«:£-t-5i8:£ 
(8) fc, VX* (12) &RBl,TB%*R 

(5) «jtcT&sfi«x7-^ (2) tm-rzm* 

gRKRtf e>tt. (5) ©BftB©Jt6$£8£ 

(8) ©«®fc^toi*atrfc»©ffiffifiR5£Sfi 
tfcoT, f ©ffi£Btt©RB«R2:R£%¥S (8) 
fcRLT^a&BftR* (2 4) KtfCOBfflRttfctt 
LT&ttSfc (5) *tjfe3E;*tlSR©¥l!J©B#.J:i?fc 
50 *ttR«RW©JJfS©«*jftt*^T. tfXSfi (5) 

oau*** (8) exfKWft^ojtetimr 

«RSttft¥R (6 2 A, 6 9 A) fc, (5) 

iisswaiiis*©^©. **BatfR^«fcai^»TB8i6 

SB (5) ©B3fcB©¥$Mfci9SfcfiBft¥* (8) 
©»ffl©BSt©S»**»S«**R (7 1 A) fc, 
ISI^T-y (2) (CRtten. SSS^R (7 1 A) 

(5) ©*S*RjM-6KSRex?~7 (4) t*# 
40 1-2>t>©T*-5. 
[0 0 19] 

[fWBJ R*«*»i|li©»l©BffiBR*RRK*lr»T 
tt. TX:? (12) Rl«!3eS« (5) $l^«5bTj£SE 
bT^3tSet (5) ±(C-7X^ (12) ©;^->«S 
B3tf*BC. W;Ui-£©£2©#|fd©¥il8©fHffl££ 
Btl«R©imB'C«©#Affff¥RCAV»TBBeX« 

(5) ©iss^stf-iu-r^. *lt, *ne>ffi8©tf« 

ktiO, iS3tSS (5) ©fl(BA«R««. *©«. 
50 *©J:5«C«BA#«*»6nfc«*K:vx^ (12) © 
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7 

■t*©ffl«©HisMi&»5rra. cincio, xuyh 

X*Y>Bft#5STfc®*S« (5) OB*Bi«ta»Jt 

(8) ©SWrWlcg&sn*. 
[0 0 2 0] St. *56MTtt-e©J:5ftW^'J>^* 

x** w^j >y©«ifa«i:*«ft'3W*. 

* >«3W © 7 * 5/ > ^ U > ?©MBHi 
fc^TRWT*. X 'J y bx*v >B3t#5£©B>£§£ 

t tt^ae m%f « ^©asfiox^- v©7 *-* x 

#ft©SB«iCiBH-r&mrcfc£. Etlfc-awr. * 
-h7*-#XfMfflt*»t£fT3t>©£LT, Xry/t- 
©.fc'5fc-J6«JW**£fc, XUvhX+lr^B** 

[0 0 2 1] 014 (a) tt-JBttfrr*«£. 014 
(b) ttXiJyhX*^>»3e*5tr»*r*»^*jR 
f. 014 (a) «5tt£«©B#E5a© 

&BYa, Yb&tfYc©7*-#XftBtt-tn-ftl- 
)£©¥98fcffi3 4fc*tl,T, -AZ1. 0&tfAZ2 
t*»tS&-3Tt»5. flb>T. &«Ya&tfYbt;:£tt5 

7*-*x#7-fey bRgtt-en-en-Az lstfAz 

2T*3. 

[0 0 2 2] 014 (b) ©*£fc». X*Y> 

*|SJ(C«UT(I^®5 a±©-«©SBM)fc¥J$®3 5 
A, 3 5B. 3 5C, • • • • i>WX&m*X<Dm\Z£ 
fctt&Sn*. «oT, &ffiSYa, YbKtfYcT© 

7*-#x*7-ks/ htaij«n*n¥«SMa»»To t 

3 5B^6¥$®3 5DST©iS3AZB©IS£7*- 
#X{fcS* t £ft , rs©T\ &BYb±©«(i, AZBt* 
lt7*-*X*|6|ICtf60#S^ot«lCftoTl/S 
5. PWC, ttBYa»tfYc±©«tt*n**l7*- 
*X^fcA Z ARCXA Z B«mi&0#fe«fot«fc 
4-5. 

[0 0 2 3] BPS. X'JyhX*V>*3t3ErSIC*V»T 
fit. 7*-*X*7-fey hRH»**-S«»»KT© 
*3HI*M©IHflt«L.HtfOCJa:**t. Sfi«3Xr- 
?©D-U>?. 7*-*X^(6j (Z$fc£ 

M ©m ttH«aft»6«il«t:*-h7*-*X 

J:«HSO^. Bftft (KrPl+S'Vl/— «fJI6fl» © 

s»!©8di*!»stf. sftass mm) 

[0 0 2 4] ©7*-*Xjg«»a8. £&ffi&<flH£. 



(5) ®W¥6-2 8 340 3 

Xf-i ?MHUt 

a*- h 7 * -* x«*&tf h W< 'J >^««©^ 
*«Hfcfci«rr*«». wc«T©ii*fc*Hre**. 

(1) IMfPSTIIttlffl*&l>KMttX7"-?roK2. B 
m (KrFI^VV- ©S»l©iftg£I)i83 
(2) a«8&**»©nr, S^Xx-i^ii 

ttUTis*9ra*ffiBji&tfMite. (3) 7*-*x 
ffiHttW3Sxtt«»«ttus©«)£is*ca-&sn5 

[0 0 2 5] (3>a»fc»«©«l3tffi©ifblHI»Cj;*Kg 

gtf£S«©8ftET-©7*-*xft 

g©li-SI£ ; t!S<a©H-S!ja-Cji.oX'J y hX*^>Bft 
HfcffSHtfcBH-rftWI-eiD, KT©2^©S^ 

(1) mmi 5 (a) fttf (b) C*fJ:3fc, 
Sffi©S^H5 a±©#^T7*-*XfiSSff|-a!lL.T 
a? M£fctt*fftffl (7#-*XB5) 36A&tf36B£ 
#a6*«ft©ft«A©tt*ic»r*JftJ|t^«CiBHT 
5. -e©7*-*Xffi3 6At33i7*-*XBt©1* 
n©«*. (2) X**>»8i;i— b7*-*X»KR 

tw-hi^u >*«•©»«*«&©», 7*-*x 

[0 0 2 6] £©«£. 7*-**ttB*«B#**© 
«®{C^to^S«^©j6SiiS (7*-*X£g) B. 
015 (c) fc*TJ:3&»||l]jI*i«afc. 015 

(d) fc«T±Stttf-#$^f>ifcJ:DfcSSn*. 
» BPS. 01 5 (c) KfcVvr. J&S8 3 7AB, B3HHS 
©Bft®5 a©HteffjHMtM*^JBM©M 
fc#to**fcB6©7*-*X»|dlffl©Wi«^ (BS7 
*-#Xftfifi<t) t«U 0*3 8Att. Bft®5a 
©-»©«»«*©7*-*X^^©»»«SKilffl 
*fc&*lxT#Snfc«* G6tt7*-**ttBflM) 
SjST. ft»3 7AK»tT*«3 8Ae-3g©RfW« 

»tanxw&. raair, 015 (<d km»t. &S3 
7 Btt. iS^S«©S^®5 a©-a©8B#£«©gg 

7*-#XtiBM^. ft«3 8B«. B)tB5a©-a 
40 ©»»««©a«7*-*Xtt«fll<jTf*D, m3 7 
BlC^bTft»3 8B©«ig tt-*« 

«^/ha<&oTv>-5. 

[0 0 2 7] *»§?©» 1 ©®ffiBK«SBT«. cn 
6©KSSS(0B!<^|-, ^'J>^*«©X*1'>* 
|S]©^¥#t*x+^ >^iai©jfi:«ti«*.TV»*. 

thTU, ^ftS©#£©7*-#X&B&tti&£S9 
«tr*. St. «:»3t^©BJt7^-;H«rt©m3£ 
©®«X©iaS3tS«©B3t®©¥^W^®S:#ltt5© 
50 T?ttft<. -t©BfS©®«X©g^®©S^t|g^3t^ 
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9 

%74-)Wi imif74-)VY- (Good Field) J t 
[0 0 2 8] JfeT. Hl6fc«fi5t, XUyMfcO 

© 1 0©-> a y 1-®8S A, j £7 'J -y htt©R#7 -f - 
)V H 2 4 C» UT Y^filC&g V/ jS "C^gf 5 1>© t 
UC. ->3y l^«SAu©X**>2r[n]©*S£WY, 
^X+Y>^I"J©B*WX, B#7-Y-^F2 4©7* 

*>im<»w>zvt-tz>. tit, n%y^-)W2An 

©«P<t?fi«2 4 a^©^S©tf-tl^T©7*-*X©e 
^^ft-rsCtfC^D, 8ft7-f-*K2 4©f^ 

F2 4©7**>£fa©PQ«©ffai«tf2 4b, 24c 

rt©w-a^T©7*-*xttiiJ: t)«^i*is«»c*^ 

V>T¥^tt£ffi©X**>;£fi©fg&S0T » 
3fc7^— 1VF2 4 ©#7+* >#ffl©Pll|©ttMR* 2 
4b, 2 4crt©fradjrc©7*-#7G:mJ;D§*g 

>7*rojSS^iftSSfm [Hz] , #7*-v >#ft©l" 
^'J>^©^§«iSt&Sf n [Hz] LLT> fm&tf 

[0 0 2 9] *UT, aS3tSfi±©->3^h««SAi, 

©x**>*im©««waft«n)©n«*, 7+y>* 

fi©<®WY (*X+ir>*lftlfeB*©iai9»Dfl«li:R)E 
T£) t©tt©fifcUTft«tD/^^-^FT^L, ■€• 
©H«»fcflj5«D#»»*fc#©«*7*-;i'K2 4rt© 
§ff-)Bjar©7*-*7«SS£, 7**>Ufc*§&©7 
*-*Xf»©¥8«©»t«i:, X**>Lfc$S© 
7*-*7K£&©JMi©l/3£:©«Tg-r. *&, ft 

# t> n 7 * f nwrntsMt o ©m* i tzflttft 
u ttato/t^-^F-e****©. *nsftwa 

£"?© 7 * -1) 7BSM©rt©S:*te£ ^T^S/t 5 7 - 
IPS, 

F=tt#0©HJW/WY (1) 
S=7t- *7«l©i!^fit/F (2) 
[0 0 3 0] 017 (a) B, 7** >#|6j©l^U > 
*©**«»* fin. &tf#7*+>#|n|©Wsy>7" 
©J&SEifi!& f n «m L < fi?* t V>*£©tt*» 0/15 

/-^Ffc»r6ias^?^-^s*au i«aih 

#7** >*WC©*a^9/-^S, ft«8Bl«*7 

* V >^(S]©SS^9^-^ S >f ©S^©7 *-*7^ 
g©Wf[©*6*Mii. ftHA2tt7+v>^l^t?©KH 



(6) ftBI¥6-2 8 34 0 3 

10 

/15*-*S> *«B2tt7**>jEf6j©K2/'<5*- 

*s*©i*©7*-*7Hii©¥9tt£*-r. ass a 

1 IMMW 2 iWl*n*0?»«fc7 
ftStoLTVJ*. ^-^F©ffi*S/hS<B^ffl©IHd!i© 

©*«tttt»< (MA 2) . e3fl©M8#;*:£<fcS 

tatXT, X*V>*l«©l"<'J>^«IP*»lft«t0fci6 

ft*** *&, #x*+>£fa 

K»UTttX*^>*Kl©*CK)C7*-*^(j[l*«« 

jo bs&v»*. **«D©jMja«**<fcoT , b. 7**> 

#l*J©a«ttJ:0«V» (AIM) . fiUOiSfc, ^ 
57-7 S#0. 5fi(Tlr^'5<t5lC7*-)!j7^ll^ 
7**>#|S]Rtf#X**># 
fl#K£ft:£bT7*-rt7ggrtt*€r^. 

[0 0 3 1] 017 (b) \t. 7*+>^[R)©k 

* 'J >7*©JSSEi£& f mdi#7+^ >^|p)© WOJ > 
^©«#H«*f nJ:D**<, a"3WJ6»»«jRfm 
Stffn lr>*6©A#t 7F fc*rT 6*1 

»/t9;l-*S**U ffi«8A3ti#X**>£|6n?© 
^ ilM/^-^S. ffiSB3«#7+^>^[pJ©a#© 
7*-**f«©W«©»tHt ffi«|A4tt7*+> 
^lB)T©«gA7^-7S, l»B4|iX+t>Sl«lT 

©a*©7*-*7Rsi©¥^i©«e«iis*-r. 01 

7 (a) £017 (b) fc©Jt««fcD. HB5S££S 
(017 (a) ) ©«£±Dfc£gfl»ft*t/.hS^ (0 
17 (b) ) »a©##l, KgA57-*S**0. 5fc 
ifi<fcoT*5»), 7*-*7KStt^SV^£*^^ 

a. cn\t, «5tsfi±©a^^o[Hjc^-- m^>j > 

7"8l«#3iftTS £. 7 'J •> htfOfift 7 * H 2 4 

[0 0 3 2] i-fc, 017 (b) ©WT», 7+Y>* 
ft<D\"< »J >^©jeS^SJ& f m*t#7* V >^|6J© k 

n«. Ei;ftaiD/i5*-*F©iaiaT?*t>T'b, 7* 
^>^iRi-ctt7'j «y mic*i;T*nwfc««*»a<a 
sfc©. Afft**pr©iai!!itafErsfc©©*6«r«* 

[0 0 3 3] Sfc, *-hU^'J>^«!ffl©^H-SI 
^a*<. -€-©Blf)£»tt©«B9S««tta»^* (8) C 
HbT*S)a:B)fc«« (2 4) rt©«S:(7)^&t;^©« 
$&8}t®#ftK*fUTS8ttS« (5) ^2snsiR 
©#Bf(©®«l*3©ffi»©^J: Dft6*R©ttiMtK:«v> 

t. ffiftss (5) ©«s*tn-fn«-«T««^c 
tt> ¥td©H-i»J^(;*ViTfB^e<)lc7*-*7fi:@©^ 
**«»fT©n*. rtl£ r^SU5fegS!*j £B¥^„ 
50 T. ±«©tHlj«-C5fel»eff5«6 (^±5E^*) \Z 
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(7) 



-283403 



11 12 

[0 0 3 4] trt, *o*j»ini*Ra«, ^3ts« 

(5) Oiooi^a-y h«8<\JB*TX0 (12) ®/i 

jjtfl>tt«»fcatf*«*fctt. WLS*©-> 3 y MR 
*©JWTtt0tMat*ftfTK *©->a v MR*©* 

•5. 

[0035] *m<Dm2<DwmwmB\z* 

Jffft7-f-;H ? (Good Field) ©fc&fcJ&OAnst, 
01 6fcwTJ:5C, *Jfc7-f-;H*2 4©<f>&»2 4 
a ft ©ftfHMA© 7 * -* X(4S©¥^ft«ia Sff o 

x, -€-©7*-*x&g©¥^ffin?^sn-5ffl^ta»>t 

»«. BPS. 018 (a) IS, Sat2«©SSH©IH« 20 
©$> ZRftW 5 a ©MH)M©7 * -iJ X{£fi©¥*5ffi 
lC*tj£-f5®3 4A£:*U •5-©M3 4AtODg8 1 i:©7 
*-*X*rtJ©*AZ3tt. H/2«fcO^<*oT^ 
•5. 

[0 0 3 6] Z.tl\ZttlT*ftmz&^Tte> Btt®5 
a±©BfS©H-ffl3®*Srt©&H-iffl^©7*-*xag© 
g*ffl£g/N@<!:£3R», -enSl^ffiig/Mii:©* 
IB© 7 * - * *IMfc»£t*mfciSWJ!£**©*HK: 

5 ic?-*. 018 (b) », ^)tsffi©ai 

aH©03»©*5«iieffi5aK*t+5, &IHBIj&©7* 50 
-*X6tS©rt©Si:fiZ.., tlMZ.i. i©*ffl 
©7*-*XtiB(C*fi6:1"5S3 4BS^U ®3 4B 

©7*-*xfiBz a4 , te&ro.tsic^-f 

■5. 

Zm = (Z... +Z... ) /2 (3) 
[0 0 3 7] -€•©&. -5-©®3 4 B*tfi»3fc^*©«ffi 
KSfr-tt&Sns. 3c£, ffi3 4BtBJtffi5 a©g® 
t©7*-*X*[63©SAZ4i:, B3 4Bi-t©G3ffl5 

t©7*-*x^ip]©^Az 5 tij, -t-ti-fnsaH/ 

2ICftoTV>S. IPS, 018 (a) ©H3 4 AlCtt^ 40 
T018 (b) ©®3 4B©#a<. B#S5a±©££ 
lC*^57*-*XfigC0KS©S±W'h3 
». Aftteyj-lW (Good Field) ©SfjgLhTtt. * 

omizGtt&tsztwzz. 

[0 0 3 8] MIC, 017 (a) ©J:3fc. X*V>;£ 
|pJK> >J > ^ ©/£§$&& fmtlPX+t >#ffl© U 
^'J >?©JtttMttft f n t$^L<£r>±t< LT** 

Z.»= (M- Z.„ +N- Z.i. ) / (M+N) (4) 

[0 0 4 2] SO [gftffl] KT, *»W©-*lfi«»C^#0®*#flaL< 



*-hU^iJ>^fi|«Sff5tig^K:, 018 (a) ©¥ 
9fcffi«fcSrJ<*-h7*-*XIIMPXttHl 8 
(b) ©«*«t«/Mlt©W«fc*^<*-h7* 
-*XS«fP£JSLfc«£©, ft«t0^9^-^Ffc*W 

^^7^-^s©#i4^-en^n0i 9 (a) sr; 

(b) IC*T. EPS. TOfcttWtffc^Hl 9 (a) 

icfci^t, ftsiAsa^Bsfi^n^n^x+v^iR] 
©rs^?*-*s. fti8iA6syB6tt-en-enx+ 
*>#i6j©ssgr?5;*-*s£«-r. *fc. «7c<ttg 

/hfflt©¥^«ilCS^<01 9 (b) fcfct^T. ft«A 

7 r#b 7 a-e-n-en**** ynfavmmn? 

[0 0 3 9] 019 (b) J:D9J#fcJ;3fc, g*«£ 
*/h«t©¥^*CS^V>T*-h7*-*X««*« 
Lfc^SfcS. ^T©ft^0^7P<-^F. BJJS*&t}> 

*H««lici»wT. R^7^-^s©tt*to. 51: 

JE<fc"3TV>*£#fc, ¥^ft«iatS^HT^--h7 
* - # XSW £J6 L iClt^T 7 * 7^H©S 

[0 0 4 0] Sfc, 01 5 (a) &tf (b) (CUD, Bf 

*© if MMrtattturai e n& 7 * zmom 

fP©**«L&»&l;:tt, 015 (a) ICSf^DlC, 
SS2 • AZ a©ft*tDSrf*»3tH5 atftUT. 
&*<ili©7tf-#XGtB©g#AZ a ©® 3 6 A^S 
«)t^»©«®IC^t>-&a*ns. S462 • AZ 
a©ffi^0&WT5S)tffl5a{r«bT. ¥fc*n&tf 

m&-c®t>ftfry*-t)z&m<»w-i$mz&'3»T*- 

h7*-tiZ®WZfr5tmz, f*snft7*- 

e©g/h§ssffi(icscJv>T^- h w^u yvmwzft 

5i. 01 5 (b) IC^1-J:5^ ftllAZc (>2 • 
AZa) ©8ffirtTS*ffi*>5©7*-*X{fcB©S*t 
AZb OAZa) ©ffl3 6B*««»3t^©«ffifc^ 

*-tiztiL9<Dfk±mt&*mt<DW%mz&-3»T* 

- h 7 X$fl«£fT'5 **»7 * -*XSS*5/J\$ < 
6<5. 

[0 0 4 1] (7*-*7vffi@©g 
TCfflZ... +7*-*X(tg©S/J^Z. lQ ) /2T3£ 

£zmz&w\z£t>#&ts&o£umLT^z>tf, 
■ixxniz&vTiimt&tiLtottytms &<oastx\tm 
^©firn^roiSRMiJBa^sssn**^***. te? 

»T)£tS7*-*Xfi®Z».©®S:«ffilC^t>-&^J: 
3fc«»*f?5c:£*tg$U>. 
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13 

ff©SBB%£B&*U c©Hifc*v»X. BzrSK 
Sn&IBM**#*6©»3l6«E L £«S»©BMI 

« CRT. r * 'J y hKwBWlWti tv> 5) tc«t 0 u 

^JH2±©^-»WHW*n, *©/t*->©B 

8 Sfl-LXtfXA 5 
COB. B3^EL©XU?btt©BWB«K»LT, 
^^;H 2*JHl©«WCMbT¥W*lSl CXttflC 
5B) fc-JBMVC**Sn*©K:H*l/T. «IA 

BttBicBBfcWLTrtiiiSB cxtt^w^ifii) t- 

[0 0 4 3] l/f>JH2JWlA5CB»*t:5V> 
XRWTSfc. W9 1 i';V3a$'&9±CYtt^|Sl (01© 

c vf-DVfabW&iKj—v i ia*«Bsn. i/^^jp 

1 «, 8 ©XNlcBBftBftTB 1 ©KBIC 

5. ^^;H9'hK»Xx-^l l±K(l£B«2 ltf 
icioT, JWtuyd'A'H/hBUxy-yi i©x# 

IrJ. Y#|*]fttf0aiR)©tt»#*=*-3n"O>*. T 
*tt 1 4 fc J: Off 6«lfttt«MIS 1 #t£MBS 2 2 A 

[0 0 4 4] ■)IA$^1±CI1. YtttfjAfc 

Bft§tt& , 7XAYttB»XT---^2a»«Baft, -e© 
±tcxB£foicB»Bft&£xAX«BiiX7 L -"73i&t 

«BSn, -€-©±»CZl"<'J>yX7— y4*»»tt& 
fcfe»»«7«SBI*Sn, rtBfcEBSn&TBB 1 3 

o^Gjottsaifcx^-Sft. T*tn 3ic«kD#e.n 
fctt«(Mi>b±(WiP*2 2ACflt«afnTv»*. smb 

[0 0 4 5] *&, frXABflHHMMSfcJ^TBII 

sn*«sc.fco«)tan*9XAffis*t, u^?^ 

«5©T^H- 1 4 lcJ:9TttM*n***fcJ: D«£3n 
T-/4 ±©«7XA 5 ©jfi^lcS^v-i/fi 6 limfeZ 

nxv>s. c©s?T-i/fi6±ttt§ss^v-^*t 



(8) ftM¥6-283403 

14 

»*snTv»s. cn^©s*^-i7©(ficttz i^u 

>yx?-3MflC**nfcBB%CJ:Dafl*&Bn 

snxv>*. 

[0 0 4 6] *w©w^;n 2<D±.Jj\Z\t, SPV- 

mzm&z>tzibv>v : ?>r)\>7y<i *>vmmi\ 9» 

tf2 0tft£B3tVO>*>. C©»£. WJH2i>6 

©Bffl3t***u?n 1^**79-* * > ^bisb 1 9R 

iO 1X2 0 fc#< fc*©<IfiS 5- 1 5 SOS 1 6 *t£»Bft 
2 2A*>6©»*©"bt-C. 5 5-BBgfil 7&tfl 

8t«tD^n^ngio)5 7-i sstn etreasn 
s. 

[0 0 4 7] B 1 ©X'J y hX*¥>#5£©fi:gB#g 
Blw. H2 0aOTB2 1ft#JBbTRML.fca**a© 

U *B©*j&7*HbXttBtkffl»tt, BBjftoflB 
*««*«.k0'b*Hi#lc, W-«jftfflBB«r**nT 
a? V»«. 02 (b) tt, 02 1 Cb) ©«*©/**->» 
£«6 2e»£r$*«©A*->®/S«6 2 AS* 
U 02 Cb) KjRTJ:5K\ A?->JBjfcfi6 2A© 
B 1 mS \Z\t 9 j@©X 'J v bW;<DfflW1f-> 7 2 - 1 
l~7 2-19*«»*Sn. ^2?(l~S5?!i@(Ct>-t 
tl-?n9B©MPA^->7 2 - 1 2~7 2 - 5 9**B 

ritsnx^s. bps, r\9-y»WBLi 2 Act*, -frtt 
X4 5fl©X»Jy htt©wp/^->*t^«anx* 
0. cnSOX'Jy htt©PiaA*->©{&*t01©£ 
XA 5 ©B*B±CX|ftfttf YBfc#bTB*fc«BS 

jo ns. 

[0 0 4 8] 0 2 (a) I*. *B©BB**B8©T» 
©>i7XA5©g^ffii&^U, £©02 (a) t*V»T. 

»b**» 8 ®pm<Dmwm& 2 3 icMti-«x3Grmic 

g^«^©B3t7^-;PH2 4rt(X01©k^;H 2 
©A*->*tB#3n. !l©B*7-<-JH«2 4K:»t 
XY*l6jlOXA5*«*3S (X^Y» Sn*. *B© 
*/S7*-*Xia:BBffl*fc«fe0, B3t7^-;H*2 4 
©Y*rtl©±B©X»rtlfc#tffc»lB©9B©>MM[ 
AF 1 1~AF 1 9. m2fi<DBtm&AF2 1-AF2 
40 9. 8Jt7><-;H«2 4rt©B32?iJ©S*BjSiAF3 1~ 
AF3 9. B3t7^-;H«2 4©Y55fiaj©TB©B4J!I 
©ftaj^ A F 4 1 ~ A F 4 9 Rl/Sg 5 JHJ©ffB^ A F 5 
1-AF5 9 (C-en-enx 'J y h«©SPA^->©« 

[0 0 4 9] 02 Cc) tt. *^©#^7*-*XfiB 
«Wfl*©S«»6 9A«*U C©S3tgg6 9A±IC* 
1BBK»9B©B»B^7 5 - 1 1 — 7 5- 1 9 *«E 

ssn, B2*iB~B5BSK:&*-n-en9fl©£%* 

=f-7 5-1 2~7 5- 5 9**EBStlXV>%. BP^. § 
50 >tg6 9AICtt. 4 5B©B3tBWe«SnT 
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15 

*ieBsnrv>*. ■enes^ST 7 5-1 i- 

7 5 - 5 9±fc*n«UB2 (a) ©tfffljSEAFl 1~ 

a f 5 9 ics&snfcx u v bv&mww-><D0i& 

B&ffcSn*. ^LT, 9XA5©BJfcHTfi»Sn& 
**, H2 0©HHE*lpjfi«iffi6 7lcWl6TSfi«i«r 
BftSIWSZlfcT, S*«6 9A±T«fMg*Snft: 

[0 0 5 0] &g)t^7 5-l 1-7 5-5 9C9&U 

i AT«*n*n©*fflfl^sisrtE»»Hit«©ffl^Tr 

llftinutCJ;^ *XA±©«Mftfi[AFl 1 
-AF5 9<D7*-tlZ&W\Zttfo~rZ>4 5{S(07*~ 

3tWO«Wft (U^U>jf» £tf¥^l$fc7*-;*77; 

w*2 2abu *©«*sftfci/^y>ifAat;7*- 

*XttBfcS:?V>TBIl£B2 2 B&tf Z WtU 
x-i;4^UT^x/\5©l/^U>^ftSi;7*-* 

[0 0 5 1] S^T, *«-CttH2 (a) fc»"T4 5® 
©4T©W-jBJjfttAFl 1-AF5 9 <D7*-;*7XffiB£ 

ttHt*;:fc**-e**. fib, **rctt, a3lc^-rJ: 

£XA©X**>#fifcJ&UT-€-n&4 5fl©tt 

T, 03 (a) (CtkT J: "5 fc, ®ft7^-;!/H 2 4fc» 
LTY#fllC*XA£X**>-r£«£^ fl^SBfi© 
±5&»WJIcR**ff3«*fctt, Sg2FJ2 5Btf>ftai 
A*©»it#BO»«jii[AF2 1, AF2 3, A 
F 2 9aif»*7-r-*F2 4A©flft»B®ttHAA 
F3 2, AF3 4, AF3 8W>^Wi;ft 

S. £fc* 03 (b) K^I-J^K:, »#7-f-^F2 
4fcftbT-Y#flK£XA£X*Y>T*®£T, £ 
^«»C!)±5a:»iHlcK*fttf5«*K»4» ^4^J2 5 
DO|WAi|>©»*#B©IHijiHAF4 1, AF 4 3 , 

AF4 9»«BJt7^-^H2 4rtO«»#B© 
MAF3 2, AF34, AF3 8*t*>^ 

[0 0 5 2] MIC, XU y hX*v>B3KR©7*-* 
Xtttt©IHllS*tt, 9XAH©Xr— y©»»*«fc 
*UT»**flSUT^<fc», *nS7*-*XttB© 
IHUM&I& xy-S^©X*ir>*Hi©*«*tWX* 
* >*|fiK0W-W*O«««k 0 ft£ 2 *7cOTy y t LT 
Hl©±W»*2 2ArtOE*KflCIB1tSns. £© 

T, ^jSiC01^ZW^'J>^Xx"/4^ffi»iLT^ 



(9) !$Ki¥6-2 8 34 0 3 

16 

DZI/^U>^XT-y4©*#*«*!»PSn«. £CD« 
T»|«anfctt*«I^T«*7-<-*H2 4 
rtT©«*3Wrtoftft. W*. 04 (a) }C**r±5 

n, *0&04 (b) fcjft+£5fc*XA±®«*2 6 
3W«3e7-f-^H2 4rtcabfct*K, 04 (a) T? 
i0 ®MHftftlCS:toT t *XA±®WH2 6®7*-* 

[0 0 5 3] 05tt*«OZl/^U>^Xx-^4Ri; 

y-^4<D±mWttTTIW±K3«03W2 8 A- 
2 8C$^UTX^$nT^0, &£&2 8A-2 8C 

tt*n*n7*-*x»isifc#iB-c*«*5taoT^ 

*. #^2 8A-2 8C©#«fi$W»f5^ttCj: 
0, Zl/^U>^X7 1 -> ? 4±(7)^XA5©S5tS07 

*• ^5^2 8A-2 8C©ifi«fCtt-tn€n, ft3Ej* 
©7*-*X*lRl«>jetta*«^«0. 0 1 jimgg© 
»«ttiTM-M-C*«*a-t>*-2 9 A- 2 9C*ilR!> 

[0054] zi/^u>yxx-y4©i/^u>y»fp 

*»HPT*fc*fc, *WflI*2 2Ali7^;^«3 OA 
tUfiOi 7-r;l^»3 0ARtf3 OBtt* 

n^ngfc* 7 7 * u >9 1 xft & n 

&ttttft«ft*«3 1 KW&U £IH«»2 2 
683 lKtt»>XA5±a>B3e»«4:-r*B«©*«W 
(X, Y) RS853 ltt, &WW (X, 

Y) R«2O0D«*WlCS^TB»gS3 2A-3 2C 
ICRftT^ft«fift©flM**lW*. £ffl»a&3 2A 
-3 2ClCl4*n-fnK4t>-9— 2 9 A- 2 9C*>& 
3Ej«2 9A-2 9C©8ttOKS©W«'b«B*n, ^& 
« KIKgJ3 2A-3 2C«^n^n3^2 9A-2 9 CCD 

[0 0 5 5] ^ni:J:D, 9XA5 0B3tffi©X*^> 

■©BfcBSfcSn^W, 21O|(»C7-f;^»3 0ARtf 
3 0BC9^14coffi@IC<t0, X*^>*fRl©k^U>y 
©^S^&»fm [Hz] *t#X*^>*l&I©l/^U> 
^C0«§5i«f n [Hz] ±DfcK»teRjesnTV> 

50 Sfn«2HzT^. 
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(10) *JKl¥6-2 8 3 40 3 

17 18 
[0 0 5 6] *fc, £jftt2 8A, 2 8BRtf2 8C#E * [ 0 0 5 7] ^(C> *B0W*U >^Sj^Rtf7*-# 

B*nT^sttB**n-enB»jSTLi, tl 2r# ->>y»fpfc:3SffMfcR?w-*. jw\ w)>m 

fclMLhfcEBStu B»ATL3OT»^TLlfc ttfcftT. 
TL2i:CDfiiS2«»«±[CftHLTV^. *LT, fi (A) tt*WI©gffii£ 

#flJT«, ££2 8A-2 8C£4M/TSXA On#B©*>^jft0YI«SY, tbT, XggX 
5©l^U>yiWWfefr5Bfc» tCD^aylMMtSA . RtfY&gYo 0*>!/JWCIf«Snfc7*-*X 
u07*-*^filttt*fl;ba:K ftoT, 10 ftgCO{I£AF (X. , Y, ) TSTo *&, 

ftoW*. *XA5©B*B07*-*XffiB &£N£LT* *®KWftfr3. fiU fag[g2. »« 

©Rfctt, 3flOXA2 8 A- 2 BC«BCB£ttXtt *imcHT* 1 -MST©»ft3ST. 
$tf*££lC£DfTfctt£o * [0 0 5 8] 

SX = 2. X. , SX2=2 a X. 2 , SMZ = £, AF (X. , Y. ) , 

SXZ = 2 8 (AF (X. , Y. ) • X. ) (5) 

SY = So Y„ , SY2=2 n Y„ 2 , SNZ = Z D AF (X. , Y. ) , 
SYZ = £, (AF (X. , Yo ) • Yo ) (6) 
[0 0 5 9] *LTs (5) 5tfttf (6) SSBV>T#*#*©SWSfr5. 

An= (SX • SMZ-M ■ SXZ) / (S X 2 — M • SX 2) (7) 
Am= (SY • SNZ-N • SYZ) / (SY 2 -N • S Y 2) (8) 
^An^D, »/hS*iSiHK«tr)X*Y>*lRj© *0t = (2. AL (X. ) ) (10) 
n#10*>^*Afc*lt*#X*ir>*l«iI (X#lW [0 0 60] (B) 7#- #XftBgaffi 

oMftAL (Y. ) ftAmiD, ft*a*fi 7*-*^ft|iOj¥fflfefctt^fl^!iai*i:g*S/J^ 

X**>#[6j (YJfrffl) ©ftflftAL (X. ) B£gfflT£o ^ftfflBttTtt, ±i£tf> 

*©±3&¥^fldlMifcJ:0#^*t>* 7*-*XttB©«AF (X. , Y» ) £fflV>T, *S 

*. ^ <af> *twrs. 

0x = (2. AL (Yo ) ) /N (9) * 

(AF> = (2, 2. AF (X. , Y, ) ) / (M • N) (11) 
[0 0 6 1] Jfcfc, **«/Jvfttfltrett* ♦T, Jk*«fcDCrxA50)«3Klir©±#tUTa)7*-* 

*B*a+H»*«venMax( ) &txiun< j xsiaf' mm*. 

AF' = (Max(AF (X. , Y„ ))+Min(AF (X. f Y, ))/2 (1 2) 
*LT, EJ4 (b) fciR-riSC, ttjfB*n&«*2 6 £2 8 B©Y#rt®IBBftYi fcl/C, ^X+^>^|nj 
*«3t7-f-;H«2 4K:ai/3tt*CJ4, (9) * $fi2 8A, 2 8 B fc£ 

(10) 5t (12) 3©ttffl&ft0i , 0i RlXA £2 8Ci:fc*n*ttXi : X* tOJtT»*lHjO*tt 
F' fcS^ViT, B5 0 3fl©Xjftl2 8A-2 8C?WE- rtt#ASn, X* * >#lRjG>««a (9 i 0|gft&£-3 
n*tlKS-fc>U— 2 9A-2 9CO(HBfi#*»Pt 40 €?, $jf*2 8 AtH&2 8Bfcfc«l*ftYi : Y 2 i 

*™*X«fPtt, 3fl©Xj«2 8A~2 8C£mWrK:B [0 0 6 3] ±Effl3ttTtt* 7*-*Xttfi2fc 

B5fc3R"rB*7-f-*K2 4ft©7*-*^ttB««* *-*XttB0»BBSBjET*fcB#»*. 06 

fcUft^±5fc*f?Sft*. (a) B, **7*-*XttB©tt»j« (AFj» 

[0 0 6 2] BP*, H5iC*ViT, B3t7-f 2 4 XA0B3OT5 a±®««2 6 (O^fttUT07*-* 

0**jJliXjS[2 8A l 2 8BCOX^|p)OWIS«:Xi , XttBRtf«»ft *WjBlxT^*«JBfe«U 0 6 

■*7-f-*H2 40+*frAt«L2 8C©X*HlOB (a) ©ttttTB, B5 ©ftBBATL 1-TL 3 IC* 

BI^X2 , B3t7-f-^H2 4©^Cfjat3E^2 8A© ^5/S©7^-*X^f6]©Blifi (TL1) , (TL 
Y»|r|©IBH*Yi , B*7-f-*H2 4©«t>*Afc* 50 2) JkZt (TL3> tt*n-etl0 (StpftS) T^^^i 
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fS. -tbT. *©B«2 6*106 (b) 1^1" J:5 
C. BJfc7*-*Krt©B*jftfcBbfcfcSCtt. B# 

©&»ic-tn&B»*H*tnen. <tld = a , 

<TL2> =b, (TL3) = c, KKfeSnS. H© 

BB. 7*-*xte@©tf« (afj£) rtfStenr 

HSSJ£2 6 A©7*-;frXttBtt, 06 (a) ©!§-& 
KJt'tTA Ffc'HBfcbT^Stfl, ;r©AF©g{b*l: 
li&Bil&T L 1 ~T L 3 5ffi»SO»S^S 
tlTV^fc©. ^!C®«2 6AOS^ : £ff5«^ICtt. 



20 



06 (b) ©ttS8T©#ffi»^TLl~TL3©ffi»fi 
Bai<&*. 

[0 0 6 4] BUS, B«2 6KHbTBB3nfc7*- 
ttF, , e.iStfffntbT, fl«2 6AI;:Hl/TftB 

»ft**n^enF. ' , 0.1' xim.i' t-t*. * 
fc. 7*-;bxffcS©fHB!l£ (afjS) tm%&t<DX 

*mi»tfY*Kdoi«iiit*n*nAxa«AYfr« 

t. 7*-#X&@©BlEfiAF I«#:©,fc5l;:ft5. a; 
AF 1=-Fi -8n • AX-0n • AY (13) 
[0 0 6 5] *©BiEBAF 1 fcffl^Si:, B**2 6 A 

icKUTH-iBjanfc7*-*xfi:B, x#fl©B&8a 
tfY#ffl<D«#a®-en-fn©*iEa©fiF, . 0.1a 
tf0.rW:;fc©«i:5i;:fc*. 

F, =F. ' + A F 1 (14) 

0.i = 0i.i' -0ii (1 5) * 
f= (V//3) /L. • (Lo /p) 

5©T, fiBfcJSSBBBv£B&fc#©-5!B>Bai» J» 

[0 0 6 8] (D) Wt74fr9V>9& 
iCT7XA©g^B±©B3t!b©fcf>y9 ; pli. Xf-^ 
S@i;:##bfcK&ft©-T?, 7*-*xe:@©-y->7 - 'J 

Ji*V//SlCtt#l/&^(Wffll*^ll8lC**. BPS, fig 
Pi»TeiB8&G (s) £RB©7*;W"J>#»B* 
^fc-tt^fcftlctt. fcjtPSBG (s) £i27-<Jx£B 

bTftgHRF (x) *#©. zmmmF <x> * 

v©£BKBG (s) ©-W£07 (a) ICtkU *n 

t^-rsffiBW&F (x) (b) c^r. b 

[0 0 6 9] fcfc, ±^©-9— XV 4 > pJgi£atfSSc<I 
7-f;^«J>^ffi©l'3©<Sin©^K*V>Tt>. fiffiil 
ni74;kP'J>7m<hTJ&§tt££S**. BffiB 

n (Bwsn) t«, 015 (c) ©1MS3 7 at^$ 
nsagtf *7*-ax&gic*«;-r5m^£, ab 5? 



(11) #$¥6-2 8 34 0 3 
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* 0.t = 0.t' -0ii (1 6) 

*xA6©B*B©»B»©flMBfc»bTttB 
Bbft^BRyMfttsta-raBB*!**. IPS. fx 
a 5 ©^sa«^t>ofc«^t>, x?-yttBfc»* 
Lfc**#»B*sns©"e. w«ii*nfc7*-*x(4B 

Rtf«BftS»B7-'JxBB (FFT) ffl©&B74 
/k^-TBS-r**. 0 5©3(@©3b£2 8A~2 8C 
©EBB©-*-**-* >£BSK£bT5J3ET#.5«B 
Kf3. BU FFTB©»B7*;W*-tt : WBX** 

^-*y-f>ttfi*a®n*t*5©t?. 
siHMfcbfcBB>wt«*e**. 

[0066] (C) D-#y-f >bJ£)£ 
Z. Zr\m 5 © 3 B©££ 2 8 A~ 2 8 C ©B»)gB©tf 

-B^W >SBBC^i;TBlBf«^}S©-W»c^*K 
WT*. *XA©BBB«a»V//J©fcS©f&BB»B 



£v£T*i:, fcBWBG (s) te£TF©BK:«;Sn 

a. 

G (s) =1/ (1+Ts) 
fib, T=l/ (27tv) . 
[0 0 6 7] D. 



(1 7) 
s = 2 n f i, 
^^SV/j3^8 0mm 



/s©B£, #X*y>*«©«BBB»vH:2HzjO(« 

bit, x* * >*a©j£&bi£» v a 1 0 h z aiBB 

■?$>ZZttfftfr?tc. fib. f XA©B3tffi©dblHl£ 
Ky^p©IEK»TBb. «7XA±©&->ay FB«© 
***«©***L. tr*t. (17)*p©B*» 

= (V/j3) /p (18) 

3 8 ATjj*3ftSBBfcttW3n&7*-*XBBK:*J 

*i-*BBt©imc#«er*i*wan-c*«. 7^** 

U >^*tti. 015 (d) ©ftB3 7B&t;3 8B 
TBTiSfc. BBt-r-57*-*XfiBt'^bT^B 
©7*-#XfitS©B«£j?r£Sfc*Wvh3 < T* C fcT 

[0 0 7 0] ±i^©«t5t. *«T?tt'7XA©&5'3y 
hB*^©B*ftff3»E. *B»fcBBT**»BX 

«©B«#Blc:H>TI!Wrr*. 08 (a) 14, ?XA 
±©5/ay MBKS An ©B#*Bbr> T*6. B£K* 
0 ©->3 y hB«S A, 2 RtfS A, j 's 1/?^^©A^- 
>*B3tr*«B©BB*tt**r. ^©08 (a) \z 
*^T. fXAS-Y^lRlC^SbT. ^XA±©->3 

. ■ ©Bfc*XA*XBB«Y«fc#bTB»K:»»S4 
T, *©->a <y KB«S AnroTJSCjfiBSa^^ 
©B3t7^-;PFlCfiB-r5. BS)©->3<y h®«SA 
uM58W8t)t)We, *©->3<y |-B«SAn© 
T*©B»'vBWr*WKY*rt'\BliAL©B»35«fT 
fctxa. *fc, *©»BB»BTii©||Bfc*V5T. •> 
X/^©Y^|fi^'N©^I!l)>tSSHSn5. 
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[0071] *©&©ii£ (fsj© mmnomz, v 
>roB##fffcn*. c ©«£©, 7XAflJ-c©Ma>i 

$IHT.., fH£!fflT,2&i;gft8liraT. s £E|8 (c) 

RtfBft«8fflT.3£08 (b) t^f. ^c*5, l/^JW 
4HTtt08 (a) ©iiKRDW^ayhfttMMW" 

(c) KSfJ;5tC, SD«^PflT,,^e»^»3F^T.2 
^ffT-5e«©^t. ££7#- ^XftBtfc 

[0 0 7 2] *«f!|T«fiffijini:7^;^U>i/«l*t 
SCOT, "?IA±T7*-*Xffig©D->7 r 'J>^i&PI 

[0 0 7 3] Jfrf. 07 (a) ©£ 3 (c£jgg|&G 

(s) at#*.&n> zomm&G (s) ±oa?7-u 

Xg&T07 (b) ©&BW8F (x) ;:©& 
TO&F (x) ©Jl^^-tfa^DX^t-CWfiSAL 
i©gSAL*t. 08 (a) \Z7*t*.5\Z> 

-fSBE©Y£|p]^©&i» A L t$U>. 

[0074] v?irA<Dtommmmtt\z*tv 
r. 7XA©jraaiiSir£T.,aw3v>;t«>, (t., 

-Tn) tt*XAB©8'&l$|ll]i&5. C©«^, A L 
< (V//3) (Tu-Tn) , (OttllXJh-^'; KO 
flSTlCfc^fct^ AL> (V/0) (Tn-T,,) . 
©i£ttX;i—7*y h<D&Ttt3.Z>. &*. AY = AL 
- (V//3) (Tm-Tm) , T&Sna&SAYfcMi 

mnthxmLxh, temw&G (s) tisu$©7 

[0 0 7 5] *0J©XU-;/ hX*+>8#:#5t© 

83£*©-?>7\«^©EB£8m-fs. 5fe-r. 02 

(a) IcSVvt. ££7*-;<JX(iB«ttt&t;:<k*tNI*l 
£AF 1 1~AF5 9©PiT. XL) <y H*©SS#7^- 
H 2 4 rtroftfil^A F 3 1-AF3 9 ©7*-#X{fc 
fi©ttiBJ^Sffl^5«^. SI-6tfa!l^AF3 1~AF 
3 9 S^>7';WfrS«&lCtt, {^©Xfy/M 

^st^n© rsjtffigtifflife \z&z>mm*fft>n 



(12) #Bfl¥6-2 8 34 0 3 

22 

£. HK. #^©OXA©X**>ttY#lR]X«-Y:£ 

Inj'vfffen-S©^. K^7-c-;>K2 4ic:3itbT^S^ 
fa©^l!lNcfi«*©tf>7>£B3BTS;i£T, jfcft 

[0 0 7 6] 9m*m®t\t> 02 (a) fc.J:5©7X 
A € B# 7 w -)V H 2 4 C» UT - Y^fl CX* -V >t 

i£3©¥ lHl©fHB!ljftA F 4 1~AF4 9, 
A F 5 1 ~ A F 5 9 tf^e> fc-y->7";^SrlJ?1--5 C i 
JO Slftf*. ^S?*tlffS:ff5C:i:lCj;D. h7* 

( S ) ic^ut. ^iRcfSSfflissic^fsji^att 

I l-G (s) I tfcS. fiU tfl!)ji«HRgfctttt« 
®nt7-<;^U>^MSHt*JAt3T^5©-C, ft 

K*miiP*ff*tf. m&nzfcz-vgzztiz&z. 
zamma- I g (s) I fc©T, *54fg©fiMig* 

[0 0 7 7] 09 (a) \m&tWmoBft&SMW£ 
ft o £«•&© BSit 5 7 * xfiHtc^JS-f-Sffi^ 
a? 3 9ARtf**fcWesn&7*-*XttBlC»J61-6 
ft»3 8B£*U 09 (b) ttftft»MfpefTt>fc* 
S©@£t^57*-#X&BlC#j£-tSftl84 0 A& 

^isici8«snfc7*-*x(afiic^-r«.fl«4 0 

T. »3t&BW»©«^©BSttBtii«ti:Bi:©SF 
att. ftf8*WW©«^©llgfigtjifieffiBi:©SF 
b©#54fg<!:fcS. ffoT, 5»&Mir?tt»4tt©e 

[0 0 7 8] L*>U KC^fcStC, ^-hW^'J> 
■3U ^©iS^ffiSttX*^ >^Ir)T 1 0 H z gfi^SBS 

(iSLmmmmxm *©r. ftis*Siiffli*fTat. x+ 
Hutfcftft. ^©7^^^u>^s»ffi7^;i/^x« 

Mfpy'f >lC«k^Tff^(i:, 7XA©*£«g£8 0m 
miLT, 5 (^80/(2^*2.5)) mmgfiCHltX+v 

mytmz>m\zuz. urmummz^^ 
7*-*xss**-r. 

[0 0 7 9] *0>tz<b, 0 1 7©»^tH*fc, 7XA 

±©-> a y h®«s A, i ©x** yHfannwtiUWfi 
40 0©^ISS. X*Y>*lRj©1Bt©it©ffitbTft^D 
A7^-^FT^L, *©«W«»a)JtD*t»5t#© 
S^S1^T©7*-*X^SS. #«-«jST©7*-* 
X&B©KH©¥l%B©«fi»fflt. 7*- #X<4B©K 
S©S*l©l/3t©ifO-ca-r. S&. ft*tDA5^- 
^Fffl«a!M*ft*lD©Jg<iSlC««MfcU ihifiQK 

7^-^*tFT»st#©. -?-n^§n-a!i^T©7*- 
*x^©^©^«is^-r8ss/^^-^s*. 

[0 0 8 0] 01 0 (a) Kt> B^<4B»£ffofc« 
» fi-PX+t>^|6)©U^U>^©J6S^iS»fm 
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a<i ohz> #***>ijfaov^)>>fomm : m. 

A^-^SSSU ffitSA9RtfB9(i£»;:#X*V 
^GrcroKSA'^-^s. fflgAl QMfB 1 OK 

017 (b) 13, fflR»Mf|iefTofc«ftT. I.OX* 
*>J][iW>U«i)>>fe>fo&fflili&fmW2. 5Hz, 
#X**>#fi©k^L)>if©J&SHftSf ntf»0. 5 
H z ©$£©ffi# D A 7 * - J' F Icttf SfSgA 5 ;* - 
* s &*u ft»A 1 1 &i;b 1 1 «#t;:#X*Y 
|S)T©8SS^7^-^S, ftHAl 2RtfB 1 2«*|C 
X* * >^[bJT7©^SA5 * S s^-r. 

[0 0 8 1] K±©«tifeR*«»-c(i«3in*i»s-r 
ci7«tc:aaa*^<. 01 lTjft-riiftiMww 

«£Sfr3£it>TS-5. fifl-fe, 011 (a) iciiH 
T. 9XA©B3t®5 a±0^c5®«2 6BfC^LT^ 
£7 * -* XtM*UJ*©j&tafofc» LT¥»©tf > 
7>j£ (AF^D ICiS^T. «AL©*a«tt7*— i3 
Xteg/MfctHStlS. -etT. 011 (b) fc^fiS 
IC, S«2 6B*tS^tcSUfctfK«, «AL©« 

«ic ws'J >if&,Vy*—h-»>fwnt>ti2>. 
[0 0 8 2] Sfc, 01 1 (c) lC*T,t5IC, 

B3M5 alcSMgS2 6C^*-3T'b. 011 (d) \Z 
7*?&5\Z, 7*-*X^*fTSM (7*-#Xffi) 

afp \rA%\z±.w?zm?> ^(DWcmm 2 6 cx-a 
x7*-*x$nt«s8T?s^tfft)n5. dtitwL- 

T. 01 1 (e) fc^T«k5IC, ftK»MfP&TtHIA 
tB3tjftt*»«nT^5«^T» 7XA©S)tM5alC 
SS882 6D^**i:, * a&*-©aglcSb-&T0 1 1 
(f) \Ztk?£?\z, 7*-*XfflAFPS*^t±# 
■rsctlCjjD. *©aSg&2 6DTtt£j£3tt&tta! 

[0083] *K*«iPtt©*ft6r. a#©B 

xXxAlCtS^t^SSUVi. *0!l©^--h7*-* 
**©T?. SIIBC>>IA©Bjeffi©(HWS:fT5lCtt. ® 

wwiiwasKoefliiiaRH'r*. 
(F) s^&bsiws 

-©^r«*-h7*-*xst;*-h^'j>y« 

*©«*tt*ftHB#*Bi\ «3Wfctt«l/Tl»6n 
&7*-#XttH©ffl£fflV>T, 7XA©BJt®©7* 
-AXfWatfU^'J^ftOBWftffS. BPS, 01 



(13) #B8¥6-2 8 34 0 3 

2 (a) C^T«fc5.l3> **7-f-*H2 4fc»UT* 
(Y^|6J) \Z¥MM<»%2W2 5B©fflS:#e© 
IHIA*-!J->7';M*4 1fcLT, S3t7^-;H*2 4|«3 
©H3?IJ2 5 C©«fSfl»!tffli«t>^Wtt 
-tUT, ^2^2 5B©-tJ->7 > ;^-C©7*-*X 
tfcH©ft»Hi £83212 5C©1J->7*;i^T©7*-# 
XttB©WSJfflt*5, *XA©B#ffi©X**>;frfl 
©WS'J^fWWSfTO. 
[0 0 8 4] S62*IJ2 5B&tffg3 7iJ2 5C©-tf- 

&T#X **>#!$©*§ t£#»T> #X*t >#!*)© 

7 — ;k H 2 4 |*9©8I 3 J*J©ff-«MiT"©7 X&fl 
©ttajfflt)fflV>T7*-*XIW»*ff5. fcfc. 012 
(b) II*f<t^H, 7XA©X*^>^^-Y^|nJ 
-S->7\Ml«SI3?IJ2 5 JIJ 

2 5D©tta^6««ans. cro^se-rn. «<&«< 

8##gtor>TU*5il>5*iB£a»**. 312 
^ ?J2 5B&^3952 5 C<7)mm&V<»7*-1]7>®. 
B©** 'J >a >#!&gT&£. 
[0 0 8 5] (G) %^fett*W«j* 

012 (c) \zm?£5\Z. R#7-f- 
;H« 2 4 K.M l/TjtSttrlSjfc^ffifilWSI 1 2 5 A©£ 
T©tH»;&Stf>7>j&tbT, ?©BftH3l;:Sli5V2 
5 A©U->7";^T?©7*-*Xfig©<l^Ttt91l/ 
T*3<. ^LT, ¥^558^7^ ;i-5"J>^a£fT 

v». fifflan*i,^Tg^t^-7>-c^-h7* 

30 IW2 5A0&-y->7;^-C©7*-*Xfig©thi« 
S:fB1SLT*#, ^WW±Ttf-ai$nfc7*-*XffiS 
©(!*^X*+>*|nJ©Mfr&fiEHll,. HftPSIZX+Y 

[0 0 8 6] -ttlittfrl/T. «1?IJ2 5A©S••9•>'7 , 

;^t© 7 * -* x{tB©w-j«fi*> & asisfi&T 

#X+t>^|Bj©«^S*». #X*^>^|Pj©k^'J 

^©^{bfcojtg-r*^. ^l^J2 5A©#-9-> 

47 3tRC7*-*^^to«ft*-7*>*flTff5. ft*. 
012 (d) \Z7Kt£5\Z, CXA©^2^|6]*t-Y* 
l«l©«^(Ctt. »55l2 5E©£TfflttHj&iS«tf>7> 

[0 0 8 7] Jl©^a;-T?li, ^ 1 3?IJ2 5AlC*5ViTlJ-> 

7*;^^9ja«t«r2*^:«>, fl}«ia#»*<«aA±*i 

SS^-CtS. Sfc. tf>7 , )Vj&«l7l'>fc©T-*-\''J 
7W—> 3 >*^ST***IC > fS«Ftt©Sa*<T#« 
?S1?1J2 5A©U->7;^IC 
MbTStfelCtf-SJSfT^t, #->3y hfl«©««© 
50 &3fc£fT3fc»ICS£ST'«*IE* (a^X*i->g) A? 
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[0088] (h) %mm*m& 

£©#j£Tli. 012 (e) ic^fck^lc. B#7-C- 
;VF2 4t»bTj£3c^|6j (YjWJ) IC^B«©B2?IJ 
2 5B0ff*#I0ttJW*tf>:/*Afcl/t, B3K7 
W -* F 2 4 rt©S 3 »J 2 5 C ©«H&#i ©ftlBJj&£ fe 
U->7;H5t?--5. -tLT. Sg2?"J2 5BRtfJg3?lJ2 

5 c©D->^jkjaic*v>T. : ?tbmytmz7*-jiz& 

-7>S!lWTfilffllSff5. IPS. B2ft2 5B&tt£3 
FJ2 5 C ©•»>7;toBCfc*tt* 7 *-*X&B©fH»ffi 
SBBbTfc*. BWIUTtt»3ft&7*-:&X{fcB 
©B#&X**>JM9©***JWHU BftRKX+v 

[0 0 8 9] Sfc, »2J«2 5B»^35IJ2 5C©D- 

i£ffi£-e#X*A->£ft©eii*£#«>. #X**>;£|rI 
®^'J>^S*-7>ffi!lffilTff5. SfcB*ft©T, PI 
ffl«n?©¥$fct>"JffiT?i&5. Sfc, $g2*!J2 5BKtf 
Sg3?lJ2 5 C©iJ->7;V/SlC*ttS7*-*Xfig©ti- 
)B!lfi£S3ftLT*5#. *3Wfc7*-*X^to***- 
7>WWTfT^. fcfc. 012 (f) ICTpT^tC, 7 
XA©X*^>^f|B)^-Y^[R)T»5Jg^lC(i> 
)V&&% 3 ?ij 2 5 CXtf3§4 2 5 D©iHHj6W>&BS? 

[0 0 9 0] Z<Dj}j£,-C\i> Sg2?lJ2 5B (XttB4?!| 

2 5D) dtB>£7-<-AF2 4»;:ifi8LTV>5fc©, 7 
XA©&->3 y F««©«8ffi©Bft£fr 5fc«6©l!>;fcX 

>E«£'>fc<T£S£#};:. ^§tt©fa*l-C^ 
SfcV»5»jfiM*B*. B)W©fg3?J2 5C©* 

>7Aj*T©7*-*XttB©tfaB*6. *-7>3Pl 
fPT»tB©WIP*ffofc»*©«B#«flHfiT**. - 

H2IIJ2 5B©-tJ->7^T©7*-*xagi» 

3 ?9©-t)->7;WC©75l~*Xfigi:©+ * U 7U- 

[0 0 9 1] *&, ^3>5EK*fflSlffiTtt. 01 3 
(a) ~ (d) C>RTJ:3K. BftK!&. BJW&tfS 
^»7raiS©7*-*X(4B©*>7;^S^^C«!: 
lC<k^)T, «t 0 F 7 *- # XRtf F 
'J>^ffil»Sfft»TV»S. BP'S. 013 (a) t^T«k 
5 tc, BttT^ t -> a y MWW S A«tB3fc7 4 -)V F 2 
4lC»LTmRD (8>fc7^-AF2 4©X*Y>;frl«] 
©BiRU) ©ttBfc»bfct*K:, B^7^-;i'H2 

4 6. HflBD ©t>->7^®« 4 2 "C#^7 * -* XftH 
&ffl£K£*7*-#X{im©&|-«iat|8&<*tU>. IS 
D. BP5B#7*-;i'F2 4©X*Y>#fa©*iro-0!l 
tt8mmT:*S. •€■©&. 013 (b) fcaVf «fc 3 fc. 



(14) ftBW6-2 8 34 0 3 

as 

5/ a s» MM S AO&MWBX7 <f -* F 2 4 lc Jfttt 
LfctttC, e7XA±©2fi©tf>7 r AjSIH]©Bffl«4 
4 T© 7 * - * XftgOttSMCg^TX * * 
©l^l>>#fW«Wfrfrn, HB©-tf->7;W&<k9ft5 
m®4 5T©7*-*X<ftB©IH8Bfc*^T*- 
H7*-*X«(»*tfTt)n*. 
[0 0 9 2] *£, 013 (c) fcw1\k3fc, ->ay 
HB*SA©ft««*»B*7^-^H2 4\Z\-itctZ 
f£. 7lA±©2B©tf>7;WW©&tli$4 4T©7 
iff *-*Xfi@©ff-jaBICS^T7+r >Hfa<DWJ 

>9«mmtotu 2B©*>^xsmi©«aw4 st? 

©7*-*7ftB©fWBfcJi^V»T*-h7*-*X 

BBiWfbn*. *&. 013 (d) c*-r±5ic -> 
ay hB«SA*JB3C7-f-;kF2 4ft«5J:5C&o 
fctSfctt. B3K7-C-;PF2 4£g5tttil«4 4-C© 
7*-*Xffifi©ttaJBfcScft>TX*t>*lfll©U^ 
'J >jf«IW*tff tin, B3fc7^-;VF2 4£B3&ffl# 
4 5T©7*-*XttB©ttatt»CS^T*-N7* 
-#XW»*JfT*>tt*. 

a? [0 0 9 3] 01 3 

(e) ~ (h) iC^fi^lC, BftBB&, BftfRtfB 
3tBTWB©7*-*Xttfi©*>^A*BA*Ct 
KJ^T. .fcDIEBfc;*-F7*-#x;&y*-FU^ 
U>y«fPSffoTV>*. EPS. 013 (e) fcwTJ: 
3IC. B#***^ayhB«SA*«B*7-r--*K2 
4lC*fLTmiHD/2 (B3fc7-<-;kF2 4©X**> 
^[6j©Bffll/2) ©BBtBLfct*fc. 8*7-1'- 
* F 2 4 * S^mCMBD / 2 ©"!J->7;1^«4 3 AS. 
^B*7 ><• - A- F 2 4* 6 rtBfcKIHD/ 2 ©1J->7A 

55 B«4 3B-7^&7*-*XftBtfeffi?iU;:J;£7:*-;*> 
XttB©BB««B»sn6. *©«. 013 (f) fcjj* 
f i 3 fe. S" a » FBB S A <o9c^i>myt 7 -< F 
2 4lCft«!Ufct^lC, B3t7-f-AF2 4SB5*Ul 
B4 6T©7*-*XttB©ftjfflBlCS-7^TX*v> 

*S«a«4 7T©7*-*Xttfi©BBBlr»^V»T 
^■-h7*~*XB»*«ff*?n«. 
[0 0 9 4] X\Z, 013 (g) IC^fi^C, J/sjr 
FB« S A©5E«SgK*i8*7 -A F 2 4 t«D/ 2 fc* 
40 tJA-a&tSfc. B3K7-f-AF2 4ft«3BHW4 6 
T©7*-*Xffifi©W«!lflfcS^TX*t>^© 

u >y&mttnt)n, bd/ 2 ©«m«4 7 t©7 

*-*XfeB©8tSl©lcS-7ViT^-F7*-*XSiJP 
*tfft>n*. $fc, 013 (h) K*Ti5tc. ->3s> 
FB«SA*tB)t7^-AF2 4SB5J:5lC&r3&t 
«(Ctt, BJt7-<-;i/F2 4SB5Btfl«4 6T©7* 
-*X(S!:B©tfS!HllCS^TX+v >*|S]© ^ 'J > 
jflMBlWffeft. B3fc7-f-AF2 4SB5Bffl«4 7 
•C©7*-*Xftfl©««BK:*rft>T*-F7*-* 

«? xWHWbn*. 01 3*0. ^SI5feB*-ffiT«. Si 
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jgX+t^g (=D/2) ^%±%wmzYc^x 1 / 

[0 0 9 5] ±aWI«t*VJTB. 
#S©£&©7 *-#*&S£fHB|-f£fc«>l;:, 2*tc 
WfcBEHSn&xy y UK©HDA*->|ft£!7XA± 

5. -?-©ftt)DlC. #X*+>#|6jl;:iiI 

S»U *©#X*Y>2f|6j©±«:©7*-#X&g£ 

k *&> H«ffla^sc©7*-*xffisttm*sfflt> 

T. 7XA©g#B±©2&7GW&7tf—*X&B©# 

*D#*»SJ:3lc. 2^**>#fi©l^'J>if@!|gl;: 
ttUT, 7s+Y>^|S)©WJ>^S^/h$^Ci^ 
X**>#|6]©^'J>ia&ft£fT3;it&<, * 
X*+ >^©*©W^U >i^lf^$ff oTfc&Vi. 

to o 9 6] fcfc. *58Wtt±aHte*wfciEft snr. 
*^«©s©*3aiRb*v»iiffl-ra*©«!^*ffiD#a 

[0 0 9 7] 

[%w<owm *Kw©sn©ffifie»s8BK*n 

T. tf3UNg©*B©pgd!h ^WilI^S©ffS!»gS, 
««B6**K:J:*fHt*llIEl,T. ®ftg«©8ftffl 

[0 0 9 8] MttMboi, m®zf—i?& 

^©ftits«p-ca»©«-si^fc*tt6«»ts«©ia5S* 
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